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HISTORY of CHEMISTRY. 



i ^ HEMISTRY may be defined, The ftudy of fuch 
Definition. V> phenomena or properties of bodies as are difcovered 
by variouily mixing them together, and by expofing 
them to different degrees of heat, alone, or in mix- 
tare, with a view to the enlargement of oar know- 
ledge in nature, and to the improvement of the ufeful 
arts : or, It is the lludy of the effects of heat and mix- 
ture upon all bodies, whether natural or artificial, with 
a view to the improvement of arts and natural know- 
% ledge. 
Antiquity. The fcience of chemiftry is undoubtedly of very 
high antiquity ; and, like molt other fciences, its origin 
cannot be traced. In fcripture, Tubal Cain, the 8th 
from Adam, is mentioned as the father or inftruclor 
of every artificer in brafs or iron. This, however, 
does not conftitute him a chemift, any more than a 
founder or blackfmith among lis has a right to that 
title. The name of chemift could only belong to him, 
whoever he was, who firft difcovered the method of 
extracting metals from their ores ; and this perfon 
limit neceJfarily have lived before Tubal Cain, as eve- 
ry blackfmith or founder muft have metals ready pre- 
pared to his hand. Neverthelefs, as Tubal Cain 
lived before the flood, and the fcience of chemiftry 
mufl have exifted before his time, fome have con- 
jectured, that the metallurgic part, on account of its 
extreme ufefulnefs to mankind, was revealed to Adam 
, by God himfelf. 
Science Be this as it will, Siphoas, an Egyptian, is confider- 

founded. ed by the chemifts as the founder of their fcience. 
He was known by the Greeks under the name of 
Hermes, or Mercurius Trifmegijlus ; and is fuppofed 
to have lived more than 1900 years before the Chri- 
ftian aera. A numerous lift of this philofopher's works 
is given by Clemens Alexandiinus ; bat none of them 
are now to be found, nor do any of them appear to 
have been written profefTedly on chemiftry. 

Two illuftrious Egyptians, of the name of Hermes, 
are recorded by ancient authors. The elder fuppofed 
to be the fame with Mizraim, the grandfon of Noah, 
the Hermes of the Greeks, and Mercury of the Ro- 
mans. The younger Hermes lived a thoufand years 
afterwards ; and is fuppofed to have reftored the fci- 
ences after they had fallen into oblivion, in confe- 
rence of an inundation of the Nile. No lefs than 



36,000 books are faid to have been written under the 
name of Hermes ; but, according to Jamblichus, a cu- 
ftom prevailed of inferibing all books of fcience with 
the name of Hermes. Some authors deny the exig- 
ence of Hermes, and maintain that his hiftory is alle- 
gorical. A 

As the fcience of chemiftry is fuppofed to have been Mofes fup- 
well known to the Egyptians, Mofes, who was fkilled j^-n* 1 /" ho 
in their wifdom, is thence ranked among the number c j.emiftry: 
of chemifts ; a proof of whofe fkill in this fcience is 
thought to be, his diifolving the golden calf made by 
the Ifraelites, fo as to render it potable. 

Of all the Greeks who travelled into Egypt ill or- 
der to acquire knowledge, Democritus alone was ad- 
mitted into their myfleries. The Egyptian prielts are 
faid to have taught him many chemical operations ; 
among which were the arts of fattening ivory, of vi- 
trifying flints, and of imitating precious ftones. Dr 
Black, however, is of opinion, that Democritus knew 
nothing more of thefe arts than that of making a coarfe 
kind of glafs, as no mention is particularly made of his 
imitating any other precious ftone than the emerald, 
whofe colour is green ; and the coarfer the glafs the 
greener it is. 

After the time of Democritus, we may know that 
conliderable improvements were made in chemiftry, as 
phyficians began to make ufe of metallic preparations, 
as cerufe, verdegris, litharge, &c. Diofcorides,de^ 
fcribesthe diftillation of mercury from cinnabar by means 5 
of an embic, from which, by adding the Arabic Al, Derivation, 
comes the term Alembic. The art of diftillation, how- oi . the wor(i 
ever, at that time was in a very rude ftate ; the ope- em ll " 
ration being performed chiefly by feparating the air, 
and more fubtle part of tar, from the reft of the matter. 6 
This was done by putting the matter to be diftilled in- Original 
to a veffel, the mouth of which was covered with a method of 
wet cloth ; and by this the fleams of afcending va- dl ft» llin £* 
pour were condenfed, which were afterwards procured 
Ly wringing out the cloth. No other diftillation, be- 
fides this kind, is mentioned by Galen, Oribafius, JE\i- 
an, or Paulus iEgineta. 

The precife time is not known when the three mine- 
ral acids were firft difcovered ; though, as no mention is 
made of them by Geber, Avicenna, or Roger Bacon, it 
is probable that they were not known in the 12th cen- 
tury. 
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> ' ■ : Lully gives fome hints of his being 

[(tainted with the o id; whence it is pi - 

-, ih u it was difcovcrcd towards the end of the 

i - , oi bi . i -}th century. 

1 dated by Pliny, particu- 

count of larly the m , which he ascribes to the fol- 

" Some merchants in the Levant, who 

had nitre on board thtir (hip, having occaiion to land, 

s ' h jhted .1 lire on the land in order to prepare their food. 

ipport their veflels they took lomc of the lumps 

of nitre with which their (hip was loaded : and the tire 

acting on thefe, melted part of them along with the 

, and thus formed the transparent jubilance called 

. to the great furprifc of the beholders." But it 

is probable, ihat the art of glafs-making was known 

before ; and it is by no means likely that it took 

its rife from fuch an accident. 

The next traces we find of chemiftry are to be ex- 
tracted from the extravagant purfnits or the Alchemifts t 
8 who imagined it pollible to convert the baler metals 
Alchemy j nt() g \\ or Cilvef. The firft mention we find of this 
firlt mL ' n " lludy is by Julius Firmicus Maternus, who lived in the 
tiotio y | )C jri 1H1 j n g of the fourth century, and ipcaks of it as a 
Matcniui. xvc '' known pnrfoit in his time. yEneas Blalius, who 
lived in the fifth century, likewife fpeaks of it ; and 
Suidas explains the term by telling us, that it is the art 
of making gold and lilver. He tells us, that Diocle- 
li 111, when perfecuting the Chrillians, forbad all che- 
mical operations, left his fubjects lhould difcover the art 
~ of mining gold, and thus be induced to rebel againft 
Orici!! of him. He fappofes alio, that the Argonautic expe- 
the fable dition was only an attempt to procure a Ikin or parch- 
.;o- ment, on which was written the recipe for making 
muts. gold. It is a common practice, however, in fome 
, where gold is warned down in lmall particles by 
brooks and rivulets from the mountains, to fufpend in 
the water the (kins of animals having wool or hair upon 
them, in order to detain the heavier particles which 
in the gold ; and this probably gave rife to the fable 
•lden fleece. Suidas, however, who lived as 
te tenth century, dej'crves very little credit, 
ially as alchemy is not mentioned by any ancient 
author. — The Arabian phyficians afford the moll clear 
liftinct evidence concerning alchemy. Avicenna, 
who Lived in the tenth century, is faid by a difcipleof 
his to have wrote upon alchemy; he mentions alfo 
id fome other chemical preparations; and 
he lath century we find phyficians advifed to cul- 
acquaintance with the chemifts ; and another 
of the Arabian writers fay, that the method of pre- 
paring rofe water, &c. was then well known. — From 
ippo- this evidence of the exiflence of alchemy among the 
with the prefatory article Jl, to denote 
.; icfs of the fcience, it has been conjectured, 
the doctrine of the tranfmutation of metals firft 
ins, and was introduced 
id( s, and by the ra- 
of the Arabians ill. - rope 

\frica. Europe at that rime 
arity froc 
: but the Aral 
•es, and : 

tinned till 
te the 
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extravagance of its profelTors rofc to the grratrft 
height. t , 

Though the pretentions of the alcheinifts are now No credit 
univerfally refuted, yet from fome of the difcoveries dixt 
which have been made in chcmiltry, we aie even yel ''' ' 
in danger of giving lomc credit to the poffibility «■( "• hlll ' uU ~ 
the procefs of tranfmutation. W hen we confiderthat 
the metals are bodies compounded of parts which we 
can take away and rcltore, and that tluy are clofely 
allied to one another in their external appearance, w c 
may be inclined to think favourably even of the pro- 
jects of the alchemifts. The very feparation of the 
metals from their ores, the depriving them of their 
ductility and malleability, and the restoration of thefe 
properties to them at pleafure, will appear very fur- 
priling to thofe who are unacquainted with chemiftry. 
There are alfo proceffes of the more difficult kind, by I2 
which quickfilver may be produced from metals that Quickfilvor 
are commonly folid, as from lead. Some of thefe wc produced 
find in Boerhaave, Boyle, ckc. authors of the grcatcit fr°i" lead, 
credit, who both fpeak of the operation and product 
as realities of which they were convinced by their own 
experience. Thefe have been urged, not without fome 
plauiibility, in favour of the tranfmutation of the im- 
perfect metals into gold ; and hence the dciulions of 
alchemy were not confined to the vain, the ignorant, 
and the ambitious part of mankind ; but many ingeni- 
ous and learned men, who took pleafure in the ffudy 
of nature, have been feduced into this unhappy pur- 
fuit. This happened chiefly in Germany, where the 
variety of mines naturally turned the thoughts of che- 
mifts principally towards the metals, though the nu- 
merous failures of thofe who had attempted this art 
ought to have taught them better. 

About the beginning of the 16th century, the pre- 
tenders to alchemy were very numerous, and a multi- 
tude of knaves, who had beggared themfelves in the at- 
tempt, now r went about to enfnare others, performing 
legerdemain tricks, and caufing people believe that 
they could actually make gold and filver. A number 
of the tricks they made ufe of are to be met v. ith in Le- 
mcry. Many books, with the fame defign of impofing 
upon mankind, were written upon the fubject of al- 
chemy. They affumed fictitious names of the greateft 
antiquity, and contained rules for preparing the philo- 
fopher's ftone ; a fmall quantity of which thrown into 
a bafe metal lhould convert the wiiole into gold. They 
are wrote in a myfterious ftyle, without any dillinct 
meaning ; and though fometimes proceffes are clearly 
enough defcribed, they are found to be falfe and deceit- 
ful upon trial, the products not anfwering the prcten- 
fions of the authors. Their excufe was, that it was 
vain to expect plain accounts of thefe matters, or that 
the books on thefe fubjeets mould be written diftinctly 
and clearly ; that the value of gold was in proportion 
to its fcarcity, and that it might be employed to bad 
purpofes : they wrote only for the laborious and judi- 
cious chemifts, who would underftand them provided 
they made themfelves acquainted with the metals by 
and experience. But in fact, no diflinct mean- 
ing has ever been obtained, and the books have only 
ferved to delude and betray a great number of others 
the lofs of their lives. 

But though the alchemifts failed in the execution of 

their 
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Chemiftry 
derived 
fome ad- 
vantages 
from the 
labours of 
the alche- 
mifts. 
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Hiftory of 
chemiftry 
fmce the 
time of 
Paracelfus. 
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Thefcience 
ftudied by 
Lord Ve- 
rulam ; 
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And by Mr 
Boyle. 



their grand project, We mufl ftill own ourfelves indebt- 
ed to them tor many difcoveries brought to light du- 
ring the time they vainly fpeat their labour in the ex- 
pedation of making gold. Some of thefe are the me- 
thods of preparing fpirit of wine, aquafortis, volatile 
alkali, vitriolic acid, and gun-powder. Medicine too 
was indebted to them for feveral valuable remedies ■, 
whence alfo it appears that many, who had waited their 
time in the vain purfnit of the philofoper's ffone, 
thought of trying fome of their moil elaborate prepa- 
rations in the cure of difeafes ; and meeting with fome 
fuccefs, they prefumed that difeafes were only to be 
cured by the alfiftance of chemiftry ; and that the moil 
elaborate of all its preparations, the philofopher's ftone, 
would cure all difeafes. Some cures they performed 
did indeed awaken the atttention of phylicians ; and 
they introduced the ufe of opium, which had formerly 
been accounted poifonous. They fucceeded alfo in the 
cure of the venereal difeafe, which had lately made its 
appearance, and baffled the regular phylicians ; but 
the chemifts, by giving mercury, put a itop to its ra- 
vages, and thus introduced this valuable article into the 
materia medica. 

The moftfamous of the chemical profefTors was Pa- 
racelfus, well known for his arrogance, abfurdity, and 
profligacy. He was bred to the fludy of medicine ; 
but becoming acquainted with the alchemifts, travelled 
about in the character of a phyfician, and was at great 
pains to collect powerful medicines from all quarters. 
Thefe he ufed with great freedom and boldnefs. His 
fuccefs in fome cafes operated fo upon the natural ar- 
rogance and feif-fufficiency of his difpofition, that he 
formed a delign of overturning the whole fyftem of 
medicine, and fupplying a new one from chemiftry : 
and indeed he found but very weak adverfaries in the 
fubtle theories of Galen with the refinements of the A- 
rabian phyficians, which only prevailed in his time ; 
and he no doubt had fome ihare in banilhing that ve- 
neration which had been fo long entertained for thefe 
celebrated perfonages. 

1 From the time of Paracelfus, chemiftry began eve- 
ry where to afTume a new face. In Great Britain, 
Lord Verulam amufed himfelf at his leifure hours 
with forming plans for promoting the fciences in ge- 
neral, efpecially thofe which related to the ftudy of 
nature. He foon found that chemiftry might turn 
out one of the moft ufeful and comprehenfive branches 
of natural philofophy, and pointed out the means of its 
improvement. A number of experiments were propo- 
fed by him ; but he obferved, that the views of che- 
mifts were as yet only adapted to explain their parti- 
cular operations on metals ; and he obferved, that, 
inftead of the abftrufe and barren philofophy of the 
times, it was neceffary to make a very large collec- 
tion of fads, and to compare them with each other 
very maturely and cautioully, in order to difcover the 
common caufes and circumftances of connection up- 
on which they all depend. He did not, however, 
make any confiderable difcoveries, and his works are 
tedious and difagreeable to the reader. 

A fuperior genius to Lord Verulam was Mr Boyle, 
who was born the very day that the former died. His 
circumftances were opulent, his manners agreeable ; he 
was endowed by nature with a goodnefs of heart ; and 
his inclination led him entirely to the ftudy oi nature, 



which he was beftpleafed with cultivating in the way 
of experiment. He coniidercd the weight, fpring, and 
qualities of the air ; and wrote on hydroitatics and 
other fubjects ; and was poiletfed of that happy pene- 
tration and ingenuity lb well fuitcd to the making of 
experiments in philofophy, which fervesto deduce the 
moft ufeful truths from the mofl fimple and femingly 
infignificant fads. As chemiftry was his favourite 
fcience, he fpared no pains to procure from chemifts of 
greateft note the knowledge of curious experiments, 
and entertained a number of operators cunftantly about 
him. His difcoveries are related in an eafy ftyle : and 
though rather copious, fuited to the tafte of the times 
in which he lived, and free from that abfurd and my- 
sterious air which formerly prevailed in chemical wri- 
tings : nor does he betray a defign of concealing any 
thing except fome particulars which were communica- 
ted to him under the notion of fecrecy, or the know- 
ledge of which might do more harm than good. It 
is objected indeed, that he betrays a good deal of cre- 
dulity with regard to fads which are given on the 
faith of others, and which may feem incredible ; but 
this proceeded from his candour, and his being little 
difpofed to fufped others. He fhowed the neceflary 
conned ion between philofophy and the arts ; and faid, 
that by attending the fhop of a workman, he learned 
more philofophy than he had done in the fchools for a 
long time Thus his writings fhowed an univerfal 
tafte for the ftudy of nature, which had now made 
fome advances in the other parts of the world. jg 

Agricola is one of the firft and belt authors on the Chemiftry 
fubjed of metallurgy. Being born in a village in Mif- emerges 
nia, a country abounding in mines and metallurgic from its ob*> 
works, he defcribed them exadly and copioufly. He fcunt y* 
was a phyfician, and cotemporary with Paracelfus, but 
of a charader very different. His writings are clear 
and inftrudive, as thofe of Paracelfus are obfeure and 
ufelefs. Lazarus Erker, Schinder, Schlutter, Henkel, 
&c. have alfo written on metallurgy, and defcribed 
the art of allaying metals. Anthony Neri, Dr Mer- 
ret, and the famous Kunckel (who difcovered the phof- 
phorus of urine), have defcribed very fully the arts of 
making glafs, enamels, imitations of precious Hones, 
&c. : but their writings, as well as thofe of fucceeding 
chemifts, are not free from the illufionsof alchemy ; fo 
true it is, that an obftinate and inveterate malady ne- 
ver difappears at once, without leaving traces behind. 
In a (hort time, however, the alchemical phrenzy was 
attacked by many powerful antagonifts, who contri- 
buted to refcue the fcience of chemiftry from an evil, 
which at once difgraced it and retarded its progrefs. 
Among thefe, the mofl difiinguifhed are Kircher a Je- 
fuit, and Conringius a phyfician, who wrote with much 
fuccefs and reputation. x 

About the year 1650 the Royal Society was form- Royal Sor- 
ed by a number of gentlemen who were unwilling to ciety how 
engage in the civil wars ; and being ftruck with the founded, 
extenfive views of Lord Verulam and Mr Boyle, con- 
tributed to the expence of coltly experiments. This 
example appeared fo noble, and the defign fo good, 
that it has been followed by all the civilized Hates of 
Europe, and has met with the protedion of their re- 
fpedive fovereigns ; and from thefe chemiftry has re- 
ceived confiderable improvements. In France, Geof- 
froy, Lemery, Reaumur, &c. came to be difiinguifh- 
ed 5 
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ed ; tnd in Ge rmany MaTgraif, Pott, and others, have 
made a confidtrahlc figure in thofe focictics. Kunc- 
ur, Stahl, and Hoffman, &c. have done great 
fervice to focicty, by introducing new arts, and the nu- 
merous improvements they have made. 
Of the ira- The chemifts who have made a figure in Germany 
prove- and France arc more in number than thofe whom Bri- 
mrntMnade ta ; n j ins nfodoced. In France, the fociety was en- 
ercnt courasred by the (ovcreign ; and in it they have diveft- 
cd themfelvcs of that myitenous air which was aitecx- 
ed in former ages. In Germany, the richnefs of the 
tountry, and the great variety of mines, by turning the 
attention of chemifts to the metals, have given that 
alchymiftical air to their writings which we obferve in 
thciru The number of thofe who have applied them- 
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fclves to chemiftry is very fmall in England, owing to 
the great improvements made by Sir li'aac Newton in 
the iciences of ailronomy and optics ; which, by turn- 
ing the general attention that way, hasoccalioned w hat 
may be called a neglect of chemiltry. But if their 
number be inconfiderable, they arc by no means infe- 
rior in merit and fame. The name of Boyle has always 
been held in the higheft eftecm, as well as that of Hales, 
for the analyfis he has made of the air. Sir Ifaac 
Newton alone has done more to the eftablifliing a ra- 
tional chemical theory than ever was done before. Of 
late, the tafte for the ftudy has became more general, 
and many ufeful books have appeared ; fo that it is to 
be hoped they will foon excel in this branch of fcience, 
as they have done in all the reft. 
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Suppofition 
of elements 
the origin 
of alchemy. 



According to the definition we have given of this 
fcience, the theory of it ought to confift in a 
thorough knowledge of all the phenomena which refult 
from every poffible combination of its objects with one 
another, or from expoiing them in all pofTible ways to 
thofe fubftances which chemifts have found to be the 
moll active in producing a change. So various, how- 
ever, and fo widely extended are the objects of che- 
miftry (comprehending all terreftrial bodies whatever), 
that a knowledge of this kind is utterly unattainable by 
man. The utmoft that can be done in this cafe is, to 
give fome account of the phenomena which accompany 
the mixtures of particular fabftances, or the appearan- 
ces they put on when expofed to heat ; and thefe have 
been already fo well afcertained, that they may now be 
laid down as rules, whereby we may, with a good 
deal of certainty, judge of the event of our experi- 
ments, even before they are made. 

Here we muft obferve, that though the objects of 
chemiftry are as various as there are different fubftan- 
ces in the whole fyftem of nature, yet they cannot all 
be examined with equal eafe. Some of thefe fub- 
ftances aft upon others with great violence ; and the 
greater their activity, the more difficultly are they 
themfelves fubjecled to a chemical examination. Thus, 
fire, which is the moft active body in nature, is fo 
little the fubject of examination, that it hath hi- 
therto baffled the ingenuity of the greateft philofo- 
phers to underftand its compofition. This fubftance, 
therefore, though it be the principal, if not the only 
agent in chemiftry, is not properly an objeft of it, be- 
caufe it cannot be made a fubject of any chemical ope- 
ration. 

It hath been cuftomary to confider all bodies as com- 
pofed of certain permanent and unchangeable parts 
called elements -, and that the end of chemiftry was to 
refolve bodies into thefe elements, and to recompofe 
them again by a proper mixture of the elements 
when fo feparated. Upon this fuppolition the alche- 
mifts went ; who, fuppofing that all bodies were com- 
pofed of fait, fulphur, and mercury, endeavoured to 
rind out the proportions in which thefe exifted in gold, 
and then to form that metal by combining them in a 
iimilar manner. Had they taken care to afcertain the 
real exiftence of their elements, and, by mixing them 
together, compofed any one metal whatever, though 



but a grain of lead, the leaft valuable of them all ; • 
their pretenfions would have been very rational and 
well founded ; but as they never afcertained the exift- 
ence of fuch elementary bodies, it is no wonder that 
their labours were never attended with fuccefs. 24 

Another fet of elements which were as generally Mr r.oyle'8 
received, and indeed continue to be fo in fome mea- opinion, 
fure to this day, are fire, air, earth, and water. — 
This doctrine of elements was ftrenuoufly oppofed by 
Mr Boyle ; who endeavoured to prove, that fire was 
not an element per fe y but generated merely from the 
motion of the particles of terreftrial bodies among one 
another ; that air was generally produced from the fub- 
ftance of folid bodies ; and that water, by a great num- 
ber of diftillations, was converted into earth. His ar- 
guments, however, concerning fire were not at all con- 
elufive ; nor does the expulfion of air from fixed bo- 
dies prove that any of their folid parts were employ- 
ed in the compofition of that air ; as later difcoveries 
have fhown that air may be abforbed from the external 
atmofphere, and fixed in a great number of folid fub- 
ltances. His affertion concerning water deferves much 
confideration, and the experiment is well worth re- 
peating ; but it does not appear that he, or any other 
perfon, ought to have relied upon the experiment 
which was intended to prove this tranfmutation. The 
fact was this. Having defigned to try the poffibility 
of reducing water to earth by repeated diftillations, 
he diftilled an ounce of water three times over himfelf, 
and found a fmall quantity of earth always remaining. 
He then gave it to another, who diftilled it 197 times. 
The amount of earth from the whole diftillations was 
fix drams, or |ths of the quantity of water employed ; 
and this earth was fixed, white, and infoluble in wa- 
ter. — Here it is evident, that great fufpicions muft 
lie againft the fidelity of the unknown operator, who 
no doubt would be wearied out with fuch a number 
of diftillations. The affair might appear trivial to 
him ; and as he would perhaps know to which lide Mr 
Boyle's opinion inclined, he might favour it, by mix- 
ing fome white earth with the water. Had the ex- 
periment been tried by Mr Boyle's own hand, his 
known character would have put the matter beyond a 
doubt. 

The decompofition of water, however, in another 

way, by the combination of one part of it "with the 

B phlo- 
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mother with the earthy part of a metal, 

ertaincd, and ibe experiments which 

are treated of under the articles 

■ H. 

tenc< of earth as an element appears 
as that of the others ; for it is certain that 
'• then- is no fpecies of earth whatever, from which we 
i dillimilar bodies, by adding their o- 
thcr component parts. — Thus, the earth of alum has 
all the characters of (implicit]! which we can dt lire in 
any tcrrcllrial fubftance. It is white, inlipid, inodo- 
. and perfectly fixed in the fire ; nevertheless, it 
is to be only an element of that particular body 
called alum ; for though alum is compofed of a pure 
earth and vitriolic acid joined together, and Epfom ialt 
and felenite are both compofed of a pure earth com- 
bined with the fame acid ; yet by adding oil of vitriol 
to the earth of alum, in any pofiible way, we lhall ne- 
ver be able to form either Epfom fait or felenite. In 
like manner, though all the imperfect metals are com- 
pofed of inflammable matter joined with an earthy ba- 
fis ; yet by adding to earth of alum any proportion 
we pleafe of inflammable matter, we Lhall never pro- 
duce a metal ; and what is ftill more mortifying, we 
can never make the earthy balls of one metallic fub- 
fhmce produce any other metal than that which it oti- 
tis gi '.tally compofed. 
Element! A little conlidcration upon the fubject of elements 
neceflarily will convince us, not only that no fuch bodies have ever 
invifible. y Ct been difcovered, but that they never will j and for 
this plain reafon, that they muft be in their own nature 
invifible. — The component parts of any fubftance may 
with propriety enough be called the elements of that 
fubftance, as. long as we propofe carrying the decom- 
pofition no farther ; but thefc elements have not the 
lc alt property refembling any fubftance which they 
compofe. Thus, it is found that the compound fait 
called fal ammoniac, is formed by the union of an acid 
and an alkali : we may therefore properly enough call 
thefe two the elements of fal ammoniac ; but, taken fe- 
paratcly, they have not the leaft refemblance to the 
compound, which is formed out of them. Both the 
acid and alkali are by themfelves fo volatile as to be 
capable of dillipation into an invifible vapour by the 
heat of one's hand ; whereas, when joined together, 
they are fo fixed as almoft to endure a red heat with- 
out foing off. If, again, we were to fcek for the ele- 
ments of the acid and alkali, we muft not expect to 
find them have any properties refembling either an acid 
or an alkali, but others quite different. Any com- 
mon element of all bodies muft therefore be a fubftance 
which has no property limilar to any other in the whole 
A Item of nature, and confequently muft be impercep- 
tible, 
itie.n To the abovementioned four elements, viz. fire, 
ruing air, earth, and water, a kind of fifth element has ge- 
pUogifton. n crally been added, but not tifually diftinguilhed by 
that name, though it has apparently an equal, if not 
a greater, right to the title of an element than any of 
the others. This fubftance is called the phlogijhn, or 
inflammable principle ; on which the ignition of all 
' . The exiftenceofthis element was firft 
afferted by Stahl, and from him the opinion has been 
derived to' other chemifts: but of late a new doctrine 
was broached by M. Lavoilier, who denies the exiit- 
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encc of phlogifton altogether. Though none of tlicfe Of tl.c 
fubilancca therefore are properly the objects of che- Ewoieat 
miftry. yet as they have io much ingrofled the atten- " ( 1 '" " c ' ^ 
tion of modern chemifts, we lhall here give an ac- 
count of the molt remarkable theories that hav< 
peared concerning them. 

Sect. I. Of the Element of Fire. 



The opinions concerning the element of fire may 
be divided into two general clallcs ; the erne conlidering 
it as an effeft, the other as a caufe. The former is 
maintained by Lord Bacon, Mr Boyle, and Sir llaac 
Newton ; whole rcfpcctablc names for a long time gave 
fuch a fanction to this theory, that it was generally 
looked upon as an eftablilhed truth. Some learned 
men, however, among whom was the great Dr Boer- 
haavc, always difTented, and infifted that fire Mas a fluid 
univerfally diffufed, ami equally prefent in the frozen 
regions of Nova Zcmbla as in a glafs-Jioufe furnace, 
only that in the latter its motion made it confpicuous s 
and by letting it in motion in the coldeft parts of the 
world, its previous exiftence there would be equally 
demonltrable as in the furnace abovementioned. 

Lord Bacon defines heat, which he ufes as a fynony- 
mous term with fire, to be an cxpanfive undulatory mo- 
tion in the particles of a body, whereby they tend with 
fome rapidity towards the* circumference, and alfo a 
little upwards. Hence, if in any natural body you 
can excite a motion whereby it lhall expand or dilate 
itfelf, and can reprefs and direct this motion upon it- 
felf in fuch a manner that the motion lhall not proceed 
uniformly, but obtain in fome parts and be checked in 
others, you will generate heat or fire. 

The fame opinion is fupported by Mr Boyle in the 
following manner : " The production of heat difcovcrs 
nothing, either in the agent or patient, but motion, and 
its natural effects. When a fmith brifkly hammers a 
fmall piece of iron, the metal thereby becomes exceed- 
ingly hot : yet there is nothing to make it fo, except 
the motion of the hammer imprefling a vehement and 
varioufly determined agitation on the fmall parts of 
the iron ; which, being a cold body before, grows hot 
by that fuperinduced motion of its fmall parts : firft, in 
a more loofe acceptation of the Moid, with regard to 
fome other bodies, in comparifon of which it was cold 
before ; then fenlibly hot, becaufe the motion in the 
parts of the iron is greater than that in the parts of 
our fingers ; at the fame time that the hammer and an- 
vil, by which the percuffion is communicated, may, on 
account of their magnitude, remain cold. It is not 
neceffary, therefore, that a body fhould itfelf be hot 
in order to communicate heat to another." 

The arguments made ufe of by Sir Ifaac Newton 
are not intended pofitively to cftablilh any kind of the- 
ory relating to fire, but are to be found in a conjecture, 
publifhed at the end of his Treatife on Optics, con- 
cerning the nature of the fun and ftars. " Large bo- 
dies (he obferves) preferve their heat thelongeft, their 
pans heating one another; and why may not great 
denfc, and fixed bodies, when heated beyond a certain 
degree, emit light fo copioufly, as, by the emiffion and 
reaction of it, and the reflections and refractions with- 
in the pores, to grow continually hotter, till they arrive 
at fuch a period of heat as is that of the fun ? Their 

parti 



28 

Two gene- 
ral thcori«s 
of heat. 



*9 
Lord ba- 
con's de- 
finition of 
heat. 



30 
Mr Boyle's 
opinion 



31 
Sentiments 
of Sir lfaac 
Newton. 



Theory. 



CHEMISTRY. 



1 1 




31 
Fire now 
generally 



parts may be further preferved from fuming away, not 
only bytheir fixity, but by the vaft weight and denfity 
of the atmofphere incumbent on them, firongly com- 
preffing them, and condenfmg the vapours exhaled from 
them. Thus we fee, that warm water, in an exhaufted 
receiver, fhall boil as vehemently as the hotteff water 
expofed to the air: the weight of the incumbent atmo- 
fphere in this latter cafe keeping down the vapours, 
and hindering the ebullition till it has received its ut- 
moft degree of heat. Thus alfo a mixture of tin and 
lead, put on a red hot iron in vacuo, emits a fume and 
fiame : but the fame mixture in the open air, by reafon 
of the incumbent atmofphere, does not emit the leaft fen- 
fible flame." In confequence of thefe experiments, Sir 
Ifaac conjectures, that there is no effential diAincfion 
betwixt fire and grofs bodies ; but that they may be 
converted into one another. " Fire (he fays) is a body 
heated fo hot as to emit light copioully; for what 
(fays he) is a red hot iron but fire ?" 

The hypothefes of thefe great men produced long 
and violent difputes, which were never decilively fet- 
allowed to tied : The difcoveries in electricity, however furnifhed 
be an ele- ( llc h additional ftrength to the followers of Dr Boer- 
uientjtrfe. haaye, t 2 1?t £ re j s now believed to be an element.and 
fluid difbindt from all others, by at leaft as many as e- 
fpoufe the contrary fyftem ; but the queftion is not de- 
cided, Whether the fire itfelf is to be confidered as the 
, agent ? or, Whether its action is to be derived from 
the principles of attraction and repullion, the na- 
,. tural agents fuppofed to influence other material 
Two other fubflances ? This has produced two other fyftems 
theories in- of a kind of mixed nature, in which heat or fire 
itituted.. is confidered as a fubflance diflinct from all others, 
but which acts in other bodies according to its 
quantity . Thefe fyftems have been promulgated by 
Dr Black of Edinburgh and Dr Irvine of Glafgow. 
They differ from the opinions of Mr Boyle, Lord Ba- 
con, and Sir Ifaac Newton, in fuppofing heat to bea 
fluid diflinct from all other material fubflances ; and 
they alfo differ from the hypotheiis of Dr Boerhaave, 
Lemery, and others, in fuppofing different terreflrial 
fubflances to be hot according to the quantity of fluid 
contained, and not according to the force with which 
it moves in them. 

Dr Black is of opinion that heat, which he feems 
iccouni of t° make fynonymous with fire, exifls in two different 
Dr Black's flatcs ; in one of which it affects our fenfes and the 
and Dr Ir- thermometer, in the other it does not. The former 
therefore he calls fenjible heat, the later latent heat. On 
thefe principles Jie gives the only fatisfactory explana- 
tion of the phenomena of evaporation and fluidity that 
has yet appeared, as fhall afterwards be more fully 
explained. At prefentwe fhall only obferve, that, ac- 
cording to the theory of Dr Black, heat or fire it- 
felf feems to be the agent ; but, according to that of 
Dr Irvine, as far as we can gather it from the treatifes 
of Dr Crawford and others, the principles of attrac- 
tion and repulfion are the agents by which heat, as 
well as other bodies, is influenced. Thus, on the princi- 
ples of Dr Black, we fay, that water is converted into 
vapour .by a quantity of heat entering into it in a la- 
tent ftate, and thereby rendering it fpecifically lighter 
than the atmofphere ; according to the principles of 
Dr Irvine, we fay, that water is converted into vapour 
by having its capacity for attracting heat from the 
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atmofphere increafed. So that, according to the former, Of the 
the abforption of heat is the cauft ; according to the Element 
latter, the effeel, of its converfion into vapour. of Fire. 

Dr Crawford, in his Treatife on Heat, publifh- ft, 
ed in 1788, informs us, that heat, in the philo- Dr Irvine'* 
fophical fenfe of the word, has been ufed to ex- th«ory tx- 
prefs what is frequently called the element of fire, in pl ained b )' 
the abflraft, without regard to the peculiar effects Dr Lraw_ 
which it may produce in relation to other bodies. 
This, with Dr Irvine, he calls abfoluts heat ; and the Abfolute 
external caufe, as having a relation to the effects it heat de- 
produces, he calls relative heat. "From this view of fined, 
the matter (fays he), it appears, that abfolute heat ex- 
prelfes, in the abflract, that power or ele??ient which, 
when it is prefent to a certain degree, excites in all ani- g 
mals the fenfationof heat ; and relative heat exprefles Rchtiv* 
the fame power, confidered as having a relation to heat, 
the effects by which it is known and rneafured. 

" The effects by which heat is known and meafu- How di- 
red are three ; and therefore relative heat may admit of vided. 
three fubdivifions. 1. This principle is known by the. 
peculiar fenfations which it excites in animals. Con- 
fidered as exciting thofe fenfations, it is called fen Jible, 
heat. 2. It is known by the effect which it produces 
upon an inflrument that has been employed to meafure 
it, termed a thermotueter. This is called the temperature 
of heat in bodies. 3. It has been found by experiment, 
that in bodies of different kinds the quantities of ab- 
folute heat may be unequal, though the temperatures 
and weights be the fame. When the principle of heat 
is confidered relatively to the whole quantity of it 
contained in bodies of different kinds, but which have 
equal weights and temperatures, I fhall term it com- Compara- 
parative heat. If, for example, the temperatures and tive heat 
weights being the fame, the whole quantity of heat in defined, 
water be four times as great as that of antimony, the 
comparative heats of thefe fubflances are laid to be as 
four to one." 

In order to have a proper conception of what is Experi- 
meant by a difference in abfolute heat, when the tern- ments by 
peratures are the- fame, it will be neceflary to relate which Dr 
fome experiments, by which Dr Black was firft led to BIack wa * 
the difcovery of latent heat. He obferves, that when difcowr C 
two equal mafles of the fame matter, heated to diffe- eflatem^ 
rent degrees, are mixed together, the heat of the mix- heat, 
ture ought to be an arithmetical mean betwixt the two 
extremes. This, however, only takes place on mixing 
hot and cold water together -, but if inftead of cold 
water we take ice, the cafe is remarkably different. 4* 
Here the temperature of the mixture is much below A <l uant:t y 
the anhmetical mean, and a quantity of heat is ap- ? f h h cat '?* 
parently lofl. Now we know that the temperature of ^ ng ficcJ 
ice newly frozen is generally 32 degrees of Fahren- 
heit ; fuppofing therefore the temperature of the water 
which dilfolyes it to be 120, the arithmetical mean is 
7i ; but if the mixture indicates a temperature only of 
6o°, then we muft fuppofe that the ice contained n° 
of heat lefs than was indicated by the thermometer ; 
and confequently, that water at 32 contains ii° more 
of abfolute heat than ice at 32 . 43 

The fame thing is madeftill more evident from the Great 
condenfation of vapour. The fluid of water is not ca- q uantIt T 
pable of fuflaining a great degree of heat ; and 212 ofh f at . 
of Fahrenheit is the utmofl it can be made to bear, b^th^con- 
without an extraordinary degree of prefTure, as in Pa- delation 
B 2 pill's of vapour. 
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W the admixture of falinc fubftanccs : 
the tempi: the fleam emitted by it therefore 

in CI ... pt in the cuics jull men- 

tioned ; ami it is often capable of bearing a great de- 
gree of cold without being condenfed. When the eon- 
takes place at laft, however, a very confr- 
dcrablc degre^ of heat is always produced; and Dr 
Ulack has Ihown, that, in the condenfation of (team 
by the refrigeratory of a common Hill, as much heat 
is communicated to the water in the refrigeratory as 
would be fafRcient to make the water which comes 
over as hot as red hot-iron, were it all to exift in a fen- 
: V« fible ilatc. His method of making the calculation is 
»n«tho<i of very cafy. For, fuppoling the refrigeratory to con- 
calcuLting tain too pounds of water, and that one pound has been 
"• diftilled ; if the water in the refrigeratory has received 

io degrees of heat, we know that the diftilled pound 
lias parted with ioco. If in palling through the worm 
of the refrigeratory, it has been reduced to the tempera- 
ture of 50 of Fahrenheit, having been at 21 2° when it 
entered it, then it has loft only 162 of fenlible heat ; 
all the reft communicated to the water of the refrige- 
ratory amounting to more than 8oo°, having been con- 
4? taine'd in a latent ftate, and fuch as could not then af- 
Mr Watt's feci the thermometer. This experiment was tried by 
experiment Mr Watt in a manner ftill more finking, by a diftilla- 
on tlit di- t i, m f wat er /;/ vacuo. Thus the fleam, freed from 
of the prell'ure of the atmofphere, could not conceive fuch 
a degree of fenlible heat as in the common methodofdi- 
flilling. It came over therefore with a very gentle 
warmth, fcarce more than what the hand could bear ; 
neverthelefs it had abforbed as much heat as though 
the diftillation had been performed in the common 
way ; for the refrigeratory had 1000 degrees of heat 
46 communicated to it. 
Difference The difference of abfolute heat is likewife percep- 
of abfolute tible betwixt any two bodies of different dcnlity, water 
heat in dif- anc j mcrcu ry for inftance : and in comparing thefe, it 
will always be found that the thinnell fluids contain 
the greatell quantity of abfolute heat ; as water more 
than mercury, fpirit of wine, more than water, ether 
di con- more than fpirit of wine, and air more than any of 
tain the them. Dr Black having brought equal bulksof mercury 
and water, the former to a temperature of 50 degrees 
higher than the latter, found that, on mixture, there 
was a^ainof only 20 degrees above the original ; but on 
reveriing the experiment, and heating the water 50 
degrees above the mercury, there was a gain of 30 de- 
grees on the whole. *' Hence (faysDr tleghorn in his 
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ference be- thefts de igne) it appears, that the quantity of heat in 
twixt the water is to that in mercury, when both arc of equal 
" lcuIal , ions temperatures, as q to 2." Dr Crawford, however, tells 

hornand " us » t,lat " the iame 1 uantit y of 1,eat wnicl1 rai ^' s a 

Crawford, pound of water one degree, will raife a pound ofiner- 
curv 2S degrees j whence it follows, that the compa- 
rative heat of water is to that of mercury as 28 to 1 : 
and confequently, the alterations which ar^e produced 
in the temperatures of bodies by given quantities of 
abfolute heat, may properly be applied as a meafureof 
their comparative' heats ; the alterations of tempera- 
ture and the comparative heats being reciprocally 
proportional to one another. 

*ravford» " Senlible heat (continues Dr Crawford) depends part- 
.: of ly on the ftate of the temperature, and partly on that of 

frnf.bic 



the organ of feeling ; and therefore if a variation be pro- Of the 
duced in the latter, the fenlible heat will be different, ' '" 
though the temperature continue the fame. Thus watt r ' .' ' " c " _. 
at the temperature of 6a° of Fahrenheit appears cold to 
a warm hand iminerled in it ; but on the contrai \ , tli.it 
fluid will appear warm if a hand be applied to it w bi( h 
has a lower degree of lieat than62°. For ibis rcaioii, 
the thermometer is a much more accurate xneafuri of 
heat than the fenfes of animals. As long, how cm r, 
as the organs remain unchanged, the fenlible heat is in 
proportion to the temperature ; and therefore thofe 
terms have generally been confidtred as fynonymous. # 
On this fubjcctDr Keid obferves, that until the ratio Dr Reid'i 
between one temperature and another be ascertained bj obfervarioa 
experiment and induction, we ought to confidcr urn- concerning 
pcrature as ameafure which admits of degrees, but not uni F oa " 
of ratios ; and confequently ought not to conclude, 
that the temperature of one body is double or triple to 
that of another, unlcfs the ratio of different tempera- 
tures were determined. Nor ought we to ule the cx- 
preffions of a double or triple temperature, thofe being 
cxprcilions which convey no diflincl meaning until 
the ratio of different temperatures be determined." 51 

In making experiments on the comparative qtianti- Difference 
ties of heat in different bodies, our author choofes ra- betwixt 
ther to ufc equal weights than equal bulks of the fob- 1 ! 1C cal ™ la_ 

flances to be compared. Thus he found the compa- ]\ omo rs 

1 c 1 i. r rf Crawford 

rative heat of water to be to that of mercury as 28 to aU( j mack. 

1 by weight, and 2 to 1 by bulk ; which differs very 
conliderably from the conclufion of Dr Black, who 
makes it only as 3 to 2, as has been already men- 
tioned. ?a 

From the differences obferved in the quantities of Capacities 
abfolute heat contained in different bodies, our author forcontain- 
concludcs, that" there mufl be certain effential diffc- in g beat 
rences in the nature of bodies ; in confequence of cx P' a ' nc< ^' 
which, fame have the power of collecting and retaining 
that element in greater quantity than others." Thefe 
different powers he calls the capacities for containing 
heat. Thus, if w r e find by experiment that a pound 
of water contains four times as much abfolute heat as 
diaphoretic antimony, when at the fame temperature, 
the capacity of water for containing heat is laid to be 
to that of animony as 4 to 1. ., 

" The temperature, the capacity for containing heat, How the 
and the abfolute heat contained, may be diflingnifhed capacity, 
from each other in the following manner. tempera- 

" The capacity for containing heat, and theabfo- t " r f e ' and 
lute heat contained, are diflinguifhedas a force diflinft heat are 
from the fubj eft upon which it operates. When we to bedi- 
fpeak ef the capacity, we mean a power inherent in flinguifhed. 
the heated body ; when we fpeak of the abfolute heat, 
we mean an unknown principle which is retained in 
the body by the operation of this power ; and when 
we fpeak of the temperature, we confidcr the unknown 
principle as producing certain effects upon the ther- 
mometer. 

" The capacity for containing heat may continue 
unchanged, while the abfolute heat is varied without 
end. If a pound of ice, for example, be fuppofed to 
retain its folid form, the quantity of its abfolute heat 
will be altered by every incrcafe or diminution of its 
fenfiblc heat : but as long as its form continues the 
fame, its capacity for receiving heat is not ahtcied by 
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an alteration of temperature, and would remain un- 
changed though the body were wholly deprived of its 
heat." 

In the courfe of his work, Dr Crawford obferves, 
Crawford's that " he has not entered into the inquiry which has 
opinion been fo much agitated among the Engliih, the French, 
heaTin" th g and the Germau philosophers, Whether heat be zfub- 
abflrad' ' ft ance or a Quality ? In l'ome places indeed he has ufed 
exprelfions which feem to favour the former opinion ; 
but his fole motive for adopting thefe was, becaufe the 
language feemed to be more iimple and natural, and 
more confonant to the fads which had been eftablifhed 
by experiment. At the fame time, he is perfuaded 
that it would be a very difficult matter to reconcile 
many of the phenomena with the fuppofition that heat 
is a quality. It is not eafy to conceive, upon this hy- 
pothecs, how heat can be abforbed in the proceffes of 
fufion, evaporation, combuftion ; how the quantity of 
heat in the air can be diminifhed, and that in the 
blood increafed, by refpiration, though nofenfible heat 
or cold be produced. 

" Whereas, if we adopt the opinion that heat is a di- 
ftinet fubftance, or an element/?// ^vw*/-;;, the phenome- 
na will be found to admit of a fimple and obvious in- 
terpretation. 

" Fire will be confidered as a principle ; which is 
diftributed in various proportions throughout the dif- 
ferent kingdoms of nature. The mode of its union 
with bodies will refemble that particular fpecies of 
union, wherein the elements are combined by the joint 
forces of preffure and attraction. Of this kind is the 
combination of f :;ed air and water ; for fixed air is 
and partly retained in water partly by its attraction for that fluid, 
by the pref- and partly by the prcflure of the external air ; and if 
fure of the e i t h ei - f thefe forces be diminifhed, a portion of the 
fixed air efcapes. In like manner, it may be con- 
ceived that elementary fire is retained /Viodies, partly 
by its attraction to theie bodies, and partly by the 
action of the furrounding heat ; and in that cafe a 
portion of it will be difengaged, either by dimmiihing 
the attractive force, or by leffening the temperature of 
the circumambient medium. If, however, fire be a 
fubftance which is fubject to the laws of attraction, 
the mode of its union with bodies feems to be diffe- 
rent from that which takes place in chemical combi- 
nation : for, in chemical combination, the elements ac- 
quire new properties, and either wholly orinpartlofe 
thofe by which they were formerly characterized. 
But we have no fufficient evidence for believing that 
fire, in confequence of its union with bodies, does, 
in any inftance, lofc its diftinguiihing properties." 

Dr Berkenhout, in his firft Lines of the Theory 
and Practice of Philofophical Chemiftry, informs us, 
that " heat, or the matter of heat, is by Scheele and 
cerning the Bergman fubftituted for fire, which they believe to be 
nature of t ] ie ac ^i on f heat when increafed to a certain degree. 
heat. rpj ie ^ r ^. £ t befe celebrated chemifts believed ihis mat- 

ter of heat to be a compound of phlogiiton and pure 
air. He was certainly miftaken. It feems more phi- 
lofophical to coniiderheat as an effefi, of which fire is 
the fole caufe. 
Hlsdivl- " Heat * confider not as a diftinct fubftance, but as 
fionoffire an effect of fire, fixed or volatile ; in both which ftates 
into fixed fire feems to exift in all bodies, folid and fluid. Fixed 
and vola- fj rc I believe to be a conftituent part of all bodies, 
tile. x f 
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and their fpecific heat to depend on the quantity of Of the 
fixed fire in each. This fixed, this latent fire, cannot Element 
be feparated from the other conftituent parts of bo- ? f Fl ^ e ' A 
dies but by their decompolition : it then becomes vo- 
latile and incoercible. If this hypothefis be true, fire 
exifts, in all natural bodies that contain phlogiiton, in 
three different ftates : i. In that volatile ftate in which 
it perpetually fluctuates between one body and an- 
other. 2. Combined with an acid, probably in the 
form of fixed inflammable air or phlogiiton. 3. Un- 
combined and fixed, as a conftituent principle, deter- 
mining the fpecific heat of bodies. 58 

" Pure (or volatile) fire is diftinguifhed by the fol- Pnreorve- 
lowing properties. 1. It is eflentially fluid, invifible, ' atlle ^ re 
and without weight. 2. It is the immediate caufe f defancd * 
all fluidity. 3. It penetrates and pervades all bodies 
on the furface of the earth, and as far beneath the fur- 
face as hath hitherto beea explored. Water hath ne- 
ver been found in a congealed ftate in the deepeft 
mines. 4. It has a conftant tendency to diffufe itfelf 
equally through all bodies, howfoever different in point 
of denlity. A marble flab, a plate of iron, a decanter 
of water, and a lady's muff, at the fame diftance from 
the fire, and other external circumftances, being equal, 
polfefs an equal degree of heat, which is precifely that 
of the atmoiphere in which they ftand. 5. It is per- 
petually in motion from one body to another, and 
from different parts of the fame body, becaufe external 
circumftances are continually varying. 6. In fluctu- 
ating from one body to another, it produces a conftant 
vibration of their conftituent parts ; for all bodies ex- 
pand and contract in proportion to the quantity of 
fire they contain. 7. Accumulated beyond a certain 
quantity, it effects the diflelntion of bodies, by forcing 
their conftituent parts beyond the fphere of mutual 
attraction, called the attraction of cohejion, which is the 
caufe of folidity. Hence the foveriegn agency of fire 
in chemical operations." 

Dr Crawford, befides the opinions already quoted, Dr Craw- 
tells us, that fire, in the vulgar acceptation of the ford's de- 
word, expreffes a certain degree of heat accompanied fimtion of 
with light ; and is particularly applied to that heat ^ re ' 
and light which are produced by the inflammation of 
combuftibk bodies. But as heat, when accumulated 
in a fiifficient quantity, is conftantly accompanied with 
light ; or, in other words, as fire is always produced 
by tli e increafe of heat, philofophers have generally 
confidered thefe phenomena as proceeding from the 
fame caufe : and have therefore ufed the word fire to 
exprefs that unknown principle, which, when it ispre- 
fent to a certain degree, excites the fenfation of heat 
alone ; but, when accumulated to a greater degree, 
renders itfelf obvious both to the fight and touch, or 
produces heat accompanied with light. In this fenfe, 
the element of fire fignifies the fame thing with abfo- 
lute heat. 

Having premifed thefe general definitions and re- 
marks, he gives the properties of heat in the following 
words : 6 

11 I. Heat has a conftant tendency to diffufe itfelfover Heat hat a 
all bodies till they are brought to the fame tempera- tendency 
ture. Thus it is found by the thermometer, that if to diffufe 
two bodies of different temperatures are mixed toge- itfe ' f c " 
thcr, or placed contiguous, the heat pafles from the ? u ^ ly <mr 
one to the other till their temperatures become equal j ' 

and 
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lies, when heated and placed 
>Kl medium, continually lofc heat, till inprocefs 
of time they are brought to the ftate of the iurround- 
nedium. 

'« Prom this property* of heat it follows, that the va- 
rious < todies throughout the earth, if they were 
not acted upon by external cauies, would at length, 
arrive at a common temperature when the heat would 
1 Iefcent ; in like manner as the waters of the 
ocean, if not prevented by the winds and by the at- 
tractions of the luu and moon, would come to an equi- 
librium, and would remain in a ftate of reft. But as 
cauies continually occur in nature to difturb the balance 
of heat as well as that of the waters of the ocean, thole 
elements arc kept in a constant fluctuation. 

" II. Heat is contained in considerable quantities in 
all bodies when at the common temperature of the at- 
mofphere. 

u From the intcrefting experiments which were made 
on cold by Mr Wilfon, we learn, that at Glafgow, in 
the winter of the year 1780, the thermometer 0:1 the 
furface of fhow funk 25 degrees below the beginning 
of Fahrenheit's fcalc. 

" We are told by Dr Pallas, that in the deferts of 
Siberia, during a very inteufe froit, the mercury was 
found congealed in thermometers expofed to the atmo- 
fpbere, and a quantity of that fluid in an open bowl 
placed in a fimilar fituation, at the fame time became 
(olid. The decifive experiments of Mr Hutch!'- 
Hudfon's Bay prove, that the freezing poll 
cury is very nearly 40° below the zero (or o°) 1 f Fah- 
renheit. From which it follows, that Line of 
Dr Pallas's observation, the atmofphere iu Siberia muft 
have been cooled to minus 40. By a piper lately 
tranfmitted to the Royal Society we ire 
that the fpirit-of-wine thermometer in the open air at 
Hudfon's Bay fell to — 42 in the winter of 1735; 
and from the fame communication we learn, that by a 
mixture of fnow and vitriolic acid, the heat was r > 
much diminifhed, that the fpirlt of wine (unk to — 80, 
which is 112 below the freezing point of w itei ■ 

u Hence it is manifect, that heat 4s .contained in 
eonfiderable quantities in all bodies when at the com- 
mon temperature of the atmofphere. it is plain, how- 
ever, that the quantity inK . idual 
body is limited. This, I think, mult be admitted, 
whatever be the hypothefis which we adopt concerning 
the nature of heat ; whether we conceive it to be a 
force or power belonging to bodies, or an el 
principle contained in them. For thofe who co: 
heat as an element, will not fuppofe that an unli- 
mited quantity of it can be contained in a finite body ; 
and if heat be confidered as a force or power, the fup- 
pofition that finite bodies are actuated by forces or 
powers which are infinite is equally inadmiffible. 

" To place this in another light, we know that bo- 
dies arc univcrfally expanded by heat, excepting in a 
very few instances, which do not afford a juft objection 
to the general fact ; becaufe, in thofe inftances, by the 
action of heat a fluid is extricated that previoufly fepa- 
rated the particles from each other. Since, therefore, 
heat is found to expand bodies in the temperatures 
which fall w ithin the reach of ourobfervation, we may 
conclude that the fame thing takes place in all tempe- 
rature 



Our author, by a let of very accurate and laborious 
experiments, determines that ihccxpanlions in mercury 
and feme other fluids are proportionable to the quan- 
of heat applied; " from which (fays he) it is 
manifeft, that the quantities of heat in bodies are limi- 
ted, becaufe an infinite heat would produce an infinite 
expanlion. 

" It is manifeft, that the number of degrees of fen- 
fible heat, as meafured by the thermometer, and efti- 
mated from the beginning of the fcalc, mult be the 
fame in all bodies which have a common temperature ; 
for by the firft general fact it is proved, that heat has 
a conftant tendency to diffufc itfelf uniformly over 
bodies till their temperatures become equal. From 
which it may be inferred, that if a quantity of heat 
v. ere added to bodies abfolutely cold, the fame uniform 
dilililion would take place ; and that if a thermometer, 
altogether deprived of its heat, were applied to fuch 
es, it would b : equally expanded by them, the whole 
of the fenfible heat w inch they had acquired being in- 
dicated by that expanlion. 

" III. If the parts of the fame homogeneous fub- 
ftance have a common temperature, the cmantity of 
abfolute heat will be proportional to the bulk or quan- 
tity of matter. Thus the quantity of abfolute heat in 
two pounds of water is double that which is contained 
in one pound when at the lame temperature. 

" IV. The dilatations and contractions of the fluid 
in the mercurial thermometer are nearly proportional 
to the quantities of abfolute hear, which are communi- 
cated to the fame homogeneous bodies, or feparated 
them, as long ts they retain the fame form. Thus 
the quantity of heat required to raifc a body four de- 
gree^ in temperature by the mercurial thermometer, is 
nearly double that which is required to raife it two 
degrees, four times that required to raifc it one degree, 
and fo in proportion," 

Thus we fnd, that Dr , Black, Dr Irvine, Dr Craw- 
ford, and Dr Bcrkcnhout, agree in fpeaking of fire or 
heat as a fluid fubitance diftinct from all other bodies. 
U) inhisTreatifeof Phlogifton, agrees in the 
fame opinion. " Some (lays he) have thought, that 
I fhould have included the matter of heat, or elemen- 
tary fire, in the definition of inflammable air ; but as 
fire is contained in all corporeal fubflances, to mention 
it is 1 except where bodies differ from 

each other in the quantity of it they contain." On 
the other hand, Mr Cavendiih, Phil. Tranf. lxxiv. 
P. 141. tells us, that " he thinks it more likely that 
there is no fuch thing as elementary heat :" but, as he 
gives no reafon for this opinion, it feems probable that 
the greater part of philosophers either politively be- 
lieve that heat is an elementary fluid diftinct from all 
others, or find themfelves obliged to adopt a language 
which neccllarily implies it. The only difficulty which 
now remains therefore is, to affix a proper idea to the 
phrafe quantity of heat, which we find univcrfally made 
ufe of, without any thing to determine our opinions 
concerning it. 

That we cannot fpeak of a quantity ot fire or heat in 
the fame fenfe as we fpeak of a quantity of water or 
any other fluid is evident, becaufe we can take away 
the quantity of water which any fubitance contains 
but cannot do fo w ith heat. Nay, in many cafes we 
;re, that a fubftance very cold to the touch docs 
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yet contain % very considerable quantity of heat. The 
vapour of water, for inflance, may be made much colder 
than the iifaal temperature of the atmofphere without 
being condenlcd, when al the fame time we are certain 
that it contains a great quantity of heat ; and the 
fame may be faid of water, which, in the act of freez- 
ing, throws out a great quantity of heat without be- 
coming colder ; and in the act of melting abforbs as 
much without becoming warmer. It is not therefore 
by the mere prefence or abfence of this fluid that we 
can determine the real quantity of this fluid ; nor does 
it appear that the word quantity can be at all accurate- 
ly applied to the element itfelf, becaufe we have 'no 
method of meafuring it. 

Dr Cleghorn, in his inaugural diiTertation De Igne 
throws fome light on this fubiect, by obferving, that 
" the thermometer fhows only the quantity of heat 
going out of a body, not that which is really contained 
in it :" and he alfo infills, that " we can neither aSTent 
to the opinion of Dr Boerhaave, who fuppofed that 
heat was distributed among bodies in proportion to 
their bulks ; nor to the hypothelis of others, who 
imagined that they were heated in proportion to their 
demities." But in what proportion, then, are they 
heated ; or how are we to meafure the quantity which 
they really contain, feeing the thermometer informs us 
only of what they part with ? 

As this point is by no means afcertained, wc cennot 
form a direct idea concerning the abfohtte quantity of 
heat contained in any body ; and therefore when we 
fpeak of quantities of this fluid, we mull in fact, if we 
mean any thing, think of the fenfible quantity flowing 
out of them ; and though we Should fuppofe the whole 
of this fenfible heat to be removed, it would flill be 
impofhble for us to know how much remained in a la- 
tent ftate, and could not be diiupated. This difficulty 
will flill appear the greater, if with Dr Cleghorn and 
others we fuppofe the fluid of heat to be fubject tcthe 
'laws of attraction ?.nd repulfion. This gentleman 
fuppofes, that the particles of heat (like the particles 
of electric fluid according to the Franklinian hypothecs) 
are repulfive of one another, but attracted by all other 
fubflances. " If any body (fays lie), healed beyond 
the common temperature of the air, is expofed to it, 
the heat flows out from it into the atmofphere, and 
diffufes itfelf equally all around till the air becomes of 
the fame temperature with itfelf. The fame happens 
to bodies fufpended in vacuo. Hence it is juftly con- 
cluded, that there exifls between the particles of heat 
a repulfive power, by which they mutually recede from 
each other. Notwithstanding this repulfive power, 
however, the quantities of heat contained in different 
fubflances, even of the fame temperature, are found to 
be altogether different ; and from Dr Black's experi- 
ments it now appears, that the quantity of heat is 
fcarce ever the fame in any two different bodies : and 
hence we may conclude, that terreflrial bodies have a 
power of attracting heat, and that this power is differ- 
ent in different fubflances. — From theie principles it 
evidently follows, that heat is distributed among bodies 
directly in proportion to their attracting powers, and 
inverfely according to- the repnlJive power between the 
particles of heat themfelves. Such is the distribution 
of heat among bodies in the neighbourhood of each 
other; and which is called the equilibrium of 'heat ', be- 



caufe the thermometer fhows no difference of tempera- Of the 
ture among them. For feeing the heat is distributed Element 
according to the attracting power "of each, the ther- " e, » . 
mometer having alfo a proper attraction of its own, 
can Show no difference in the attracting power of each ; 
for which reafon all bodies in the neighbourhood of 
each other are foon reduced to the fame tempera- 
ture." 7 6 

If we aSTent to Dr Cleghorn's hypothecs, the quan- The quan- 
tity of heat contained in any fubSlance depends, in the thy of heat 
firfl place, on the attracting power of that fubltance, cannot be 
which is altogether unknown ; and, in the fecond jjetcrmind 
place, on the repulfive powers of the particles of heat p y t j^fi g *" 
themfelves, which are equally unknown. To deter- * 
mine the quantity, therefore, mufl be impofhble. Nei- 
ther will the mixture of two different fluids, as in Dr 
Black's experiments, aSfift us in the leaft ; for though 
water, heated more than mercury, communicates a 
greater heat to that fluid than the latter does to water ; 
this only Shows that water more readily parts with 
fome part of the heat it contains than mercury does,, 
but has not the leaft tendency to difcover the quantity 
contained in either. 

Dr Crawford, as we have already feen, calls the de- 
gree, or, if we may vary the phrafe, the quantity of 
power or element (fluid, if we may Substitute a fynony- 
mous word) existing or prefent in any body, its abso- 
lute heat ; and lays down a rule for determining the 7 _ 
proportional quantities of heat in different bodies. " It Dr Oaw- 
will appear (fays he) from the experiments after- ford's me- 
wards recited, that if a pound of Water and a pound tn od of de- 
of diaphoretic antimony have a common temperature, te "*»ning 
the quantity of abfolute heat contained in the for- P ro P yr - 
mer is nearly four times that contained in the latter." „,„„*:*i.. 

rrli • I'll ... -, , . tJUdlillLlCO' 

—The manner in which he llluftrates this is as fol- f heat, 
lows. 

*• If four pounds of diaphoretic antimony at 20 be 
mixed with one pound of ice at 32, the temperature 
will be nearly 26 : the ice will be cooled Six degrees, 
and the antimony heated Six. If we reverfe the expe- 
riment, the effect will be the fame. Th^jtig,, if we 
take Six degrees of heat from four pounds dP|ltttimony, 
and add it to a pound of ice, the latter will be heated 
fix degrees. The fame quantity of heat, therefore, 
which ra-ifes a pound of ice fix degrees, will raife four 
pounds of antimony fix degrees. 

" If this experiment be made at different tempera- 
tures, we fhall have a limilar refult. If, for example,, 
the antimony at 15, or at any given degree below the 
freezing point, be mixed with the ice at 32, the heat 
of the mixture will be the arithmetical mean between 
that of the warmer and colder fubSlance. And fince 
the capacities of bodies are permanent as long as they 
retain the fame form, we infer, that the refult would 
be the fame if the antimony were deprived of all its 
heat, and were mixed with the ice at 32. But it is 
evident, that in this cafe the ice would communicate 
to the antimony the half of its abfolute heat. For if 
200 below froSt be conceived to be the point of total 
privation, the antimony will he wholly deprived of its 
heat when cooled to 200 degrees below 32, and the 
heat contained in the ice when at 32 will be 200 
degrees. If we now fuppofe them to be mixed toge- 
ther, the temperature of the mixture will be half the 
excels of the hotter above the colder, or the ice will 
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be cooled ioo degrees and the antimony heated ico. 
toe half of the beat, therefore, which was con- 
1 in the ice previous to the mixture will he com- 
municated to the antimony ; from which it is manifelt, 
that after the mixture the ice and antimony mult con- 
i qua! quantities ot abfolutc heat. 
to place this in another light, it has been proved, 
that the lame quantity of heat which raifes a pound of 
ice fix degrees will raifc four pound of antimony fix 
degrees. And as the capacities of bodies, while they 
retain the fame form, are not altered by a change of 
temperature ; it follows, that the fame quantity of heat 
which raifes the ice 200 degrees, or any given number 
nf degrees, will raife the antimony an equal number of 
degrees. 

a pound of ice, therefore, and four pounds of 
antimony, when at the fame temperature, contain 
equal quantities of abfolute heat. But it appears from 
the third general fact (n° 67.), that four pounds of 
antimony contain four times as much abfolute heat as 
one pound of antimony ; and hence the quantity of 
abfolutc heat in a pound of ice is to that in a pound of 
antimony as four 10 one." 

From this quotation it is evident, that, notwith- 
thod infuf- {landing all the diltinctions which Dr Crawford has 
ficient. laid down betwixt abfolutc heat and temperature, it is 
only the quantity of the latter that can be meafured ; 
and all that we can fry concerning the matter is, that 
when certain bodies are mixed together, fome of them 
part with a greater quantity of heat than others; but 
how much they contain muft remain for ever un- 
known, unlcfs we can fall on fome method of meafu- 
ring the quantity of heat as we do that of any other 
fluid. 
Nictolfon'a ^ Ir Nichollbn, who has collected the principal opi- 
aa-oimt of nions on the fubject of heat, feems undetermined wlic- 
the theories ther to believe the doctrine of Boyle or of Boerhave 
nfheat. on the fubject. u There are two opinions (fays he) 
concerning heat. According to one opinion, heat 
coniiits in a vibratory motion of the parts of bodies 
among each other, whole greater or lefs intenlity oc- 
calions the increafe or diminution of temperature. Ac- 
cording to the other opinion, heat is a fubtile fluid that 
eaiily pervades the pores of all bodies, cauling them 
to expand by means of its elafticity or otherwife. Each 
of thefe opinions is attended with its peculiar difficul- 
ties. The phenomena of heat may be accounted for 
by either of them, provided certain fuppolitions be al- 
lowed to each reflectively ; but the want of proof of 
the truth of fuch fuppolitions renders it very difficult, 
if not impoffible, to decide as yet whether heat conlifts 
merely in motion or in fome peculiar matter. The 
word qumntky, applied to heat, will therefore denote 
either motion or matter, according to the opinion 
made life of, and may be ufed indefinitely without de- 
jj termining which. 
AJvanta- " The chief advantage which the opinion that heat 
ges of the is caufed by mere vibration polTelTes, is its great limpli- 
dodrinc city. It is highly probable, that all heated bodies 
have an inteftine motion, or vibration of their parts ; 
and it is certain thai percuffion, friction, and other 
methods of agitating the minute parts of bodies, will 
likewife increafe their temperature. Why, then, it is 
demanded, mould we multiply caufes, by fuppoiing 
the existence of an unknown fluid, when the mere vi- 
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brati. 1 which is known to obtain may be ap- 

plied to explain the phenomena 

To this the reply is obvious, that the vibration of 
parts is an ejf'efl ; lor matter will not b \ e of 

itfelf : and if it is an effect, we mult fuppofc a caufe for 
it ; which, though we fhould not call it a fluid, v 
be equally unknown and inexplicable with that whofe 
exiltence is aliened by thofe who maintain that lire is 
a fluid per fe. Dr Cleghorn, howc\cr, in the diiicrta- 
tion already quoted, aliens, that u heat is occalioned 
by a certain fluid, and not by motion alone, as fome 
eminent writers have imagined : becaufe, 1. Thofe 
who have adopted the hypothecs of motion could 
never even prove the exiltence of that motion for 
which they contended ; and though it fhould be 
granted, the phenomena could not be explained by 
it. 2. If heat depended on motion, it would inftan- 
taneoufly pafs through an elaltic body ; but we fee 
that heat paifes through bodies llowly like a fluid. 
3. If heat depended on vibration, it ought to be com- 
municated from a given vibration in proportion to the 
quantity of matter ; which is found not to hold true 
in fact. On the other hand, there are numberlefs argu- 
ments in favour of the opinion that heat proceeds from 
elementary lire. 1. Mr Locke hath obferved, that 
when we perceive a number of qualities always exifting 
together, we may gather from thence that there really 
is fome fubltance which produces thefe qualities. 2. The 
hypothelis of elementary fire is limple and agreeable to 
the phenomena. 3. From fome experiments made by 
Sir lfaac Newton, it appears, that bodies acquire heat 
and cold /';; vacuo, until they become of the fame tem- 
perature with the atmofphere ; fo that heat exifts in 
the abfence of all other matter, and is therefore a fub- 
ltance by itfelf." 

But though thefe and other arguments feem clearly 
to cftablifh the point that fire or heat is a diftinct fluid, 
we are (till involved in very great difficulties concern- 
ing its nature and properties. If it be fuppofed a 
fluid, it is impoffible to affign any limits to its extent ; 
and we muft of neceffity likewife fuppofe that it per- 
vades the whole creation, and confequently cbnftitutcs 
an abfolute plenum, contrary to a fundamental princi- 
ple of the received fyltem of natural philofophy. But 
if this is the cafe, it is vain to talk of its being abforb- 
ed, accumulated, collected, or attracted by different 
bodies, linee it is already prefent in all points of fpace; 
and we can conceive of terreftrial bodies no otherwife 
than as fponges thrown into the ocean, each of which 
will be as full of fluid as it can hold. The different capa- 
cities will then be iimilar to the differences between bits 
of wood, fponge, porous ftones, &c. for containing 
water ; all of which depend entirely on the ftructure of 
the bodies themfelves, and which, unlcfs we could fe- 
parate the water by preifure, or by evaporation, would 
be for ever unknown. Suppofing it were impoffible 
to collect this water in the manner we fpeak of, we 
could only judge of the quantity they contained by the 
degree to which they fwelled by being immerfed in it. 
It is eafy to fee, however, that fuch a method of 
judging would be very inadequate to the purpofe as 
fubltances might contain internal cavities or pores in 
which water could lodge without augmenting the ex- 
ternal bulk. This would fuggeft another method 
of judging of the quantity, namely, the fpecif c gra- 
vity ; 
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vity ; and we might reafonably fuppofe, that fubftan- 
ces of the greateib fpecific gravity would contain the 
' fmalleft quantity of water, though Hill we could by 
no means determine what quantity they did contain, 
unlefs we could lay hold of the element itfelf. 

This feems to be very much the cafe with elemen- 
tary fire, if we fuppole it to be a fluid per ft. We 
judge of its prefence by the degree of expanfion which 
one heated body communicates to another : but this is 
only ftmilar to the calculation of the quantity of moi- 
fture a fponge or any other body contains, by what 
it communicates to wood when it comes into contact 
with it ; which never could be fuppofed to carry the 
leaft pretenfions to accuracy, though we fhould afcer- 
tain it with all imaginable exactnefs. It is likewife 
probable, that the molt denfe bodies contain the fmalleft 
quantity of fire, as they generally communicate lefs 
when heated to an equal temperature than thofe which 
are more rare, though we are far from, having any per- 
fect knowledge in this refpect. 

But the greateft difficulty of all will be, on the fup- 
pofition that heat is a fluid, and an omniprefent one 
(which it mull be, or there would be fome places 
where bodies could not be heated), to anfwer the 
queftion, Why are not all bodies of an equal tempera- 
ture, excepting only the differences arifing from their 
fpecific denfities, which render fome capable of 
containing a greater quantity than others \ — The dif- 
ficulty will not be lefTened, though the omniprefence 
of the fluid fhould he given up, if we fuppofe, as is 
generally done, that heat has a tendency to diffufe it- 
felf equably every way. If it has this tendency, what 
hinders it from doing fo ? Why doth not the heat 
from the burning regions of the torrid zone diffufe it- 
felf equally all over the globe, and reduce the earth to 
one common temperature ? This indeed might require 
time ; but the experience of all ages has Ihown that 
there is not the leaft advance towards an equality of 
temperature. The middle regions of the earth con- 
tinue as hot, and the polar ones as cold, as we have any 
reafon to believe they were at the creation of the 
world, or as we have any reafon to believe they will hz 
while the world remains. This indeed is one of the 
many inftances of the impropriety of eftablifhing gene- 
ral laws from the trifling experiments we are capable 
of making, and which hold good only on the narrow 
fcales on which we can make them, but are utterly in- 
fufficient to folve the phenomena of the great fyflem 
of nature, and which can be folved only by obferving 
other phenomena of the fame fyftem undifturbed by 
any manoeuvres of our own. 

Again, fuppofing the objection already made could 
be got over, and fatisfactory reafons fhould be given 
why an equilibrium of temperature in the earth and its 
atmofphere fhould never be obtained, it will by no 
means be eafy to tell what becomes of the heat which 
is communicated to the earth at certain times of the 
year. This difficulty, or fomethingiimilar, Dr Craw- 
ford feems to have had in view when treating of the 
effects of the evolution and abforption of heat. Thus, 
fays he, " the Deity has guarded againft hidden vicilli- 
twdes of heat and cold upon the furiacc of the earth. 

" For "if heat, were not evolved by the procefs of 
congelation, all the waters which were expofed to the 
influence of the external air, when its temperature was 



reduced below 32°, would fpeedily become folic! ; and, Element 
at the moment of congelation, the progrefs of cooling ofFire. 
would be as rapid at it was before the air had arri- ' y 
ved at its freezing point. 

" This is manifeft from what was formerly obferved 
reflecting the congelation of different fluids. It was 
fliown, that if the velocities of the feparation of heat 
were equal, the times of the congelatiou would be in 
proportion to the quantities of heat which the fluids 
gave off from an internal fource in the freezing pro- 
cefs. Whence it follows, that if no heat were evol- 
ved, the congelation fhould be inflantaneous. 

" In the prefent ftate of things, as foon as the at- 
mofphere is cooled below 32 , the waters begin to 
freeze, and at the fame time to evolve heat ; in con- 
fequence of which, whatever may be the degree of cold 
in the external air, the freezing mafs remains at 32 , 
until the whole is congealed ; and as the quantity of 
heat extricated in the freezing of water is confiderable, 
the pregrefs of congelation in large maffes is very 
flow. — That the abforption and extrication of heat in 
the melting and freezing of bodies has a tendency to 
retard the progrefs of thefe proceffes, is remarked by 
Mr Wilkie in his effay on latent Heat. — The fame 
doctrine is likewife taught by Dr Black in his lec- 
tures, g 

" In the northern and fouthern regions, therefore, Severity of 
upon the approach of winter, a quantity of elementary the cold m 
fire is extricated from the waters, proportional to the the north- 
degree of cold that prevails in the atmofphere. Thus e ™ re " . . 
the feverity of the frofl is mitigated, and its progrefs SU3X1S ™ ,tl ~ 
retarded ; and it would feem that, during this retarda- fj^ r ^' 
tion of the cooling procefs, the various tribes of animals di&ion of 
and vegetables which inhabit the circumpolar regions i ce . 
gradually acquire power of refifling its influence. g g 

" On the contrary, if, in the melting of ice, aquan- inuudati- 
tity of heat were not abforbed, and rendered infen- ons pre- 
fible, that fubflance, when it was expofed to a medium vented by 
warmer than 32 , would fpeedily become fluid, and the the fl ? w " 
procefs of heating would be as rapid as if no alteration ne . f * J lth 
in its form had taken place. If things were thus con- Sealed wa- 
ftituted, the vafl maffes of ice and fnow which are col- f^meUs.*" 
lectedin the frigid zones would, upon the approach of 
fummer, fuddenly dillblve, and great inundations would 
annually overflow the regions near to the poles. 

" But by the operation of the law of the abforp- 
tion of heat, when the ice and fnow upon the return of 
fpringhave arrived at 32 , they begin to melt, and at 
the fame time to imbibe heat : during this procefs, a 
large quantity of elementary fire becomes infeniible ; 
in confequence of which the earth is flowly heated, 
and thofe gradual changes are produced which are 
effential to the prefervationof the animal and vegetable 
kingdoms. o 

" We may remark, in the laft place, that this kwEquaidi- 
not only relifls hidden changes of temperature, but ftrilmtion 
that it likewife contributes to a more equal diftribu- of heat pro-. 
tion of the principle of heat throughout the various ™ oted h J 
parts of the earth, in different feafons and climates. " s " bfo ^" 
Thus the diurnal heats, are moderated by the evapora- solution. 
tion of the waters on the earth's furface, a portion of 
the fire derived from the fun being abforbed and ex- 
tiiiguiihed by the vapours at the moment of their af- 
cent. On the approach of night the vapours are again 
condenfed, and falling in the form of dew, communicate 
C to 
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• earth the lire which they had im- 
..y. 

>wn, thai, in the re ar to 

id hammer vail, 

tempering the feverity of ihc win- 
id, a quantity of elementary tire, upon the dif- 
: the ice aiul fnow, being ablorbed by the 
\v.u< • d, as it w ere, in a great magazine 

for i c.ing the inteniity of the cold 

when 

cperiments of Hales, Halley, andWat- 
. that vaft quantities oi" water are conti- 
vcrtcd into vapour by the action of the folar 
upon the portion of the earth's furface which is 
•fed to thelight ; and by the celebrated difco\ cry of 
■ ved, that, i u the procefs of evapora- 
, much elementary lire is ablorbed. It is manifeft, 
that c will have a powerful influence in miti- 

ig the intcnlity of the heat in the torrid zone, and 
omoting a more equal diffuiion of it through the 
earth. For a confiderable. portion of the heat, which 
is excited by theaction of the folar rays uponthe earth's 
furface within the tropics, is ablorbed by the aqueous 
iurs, which being collected in the form of clouds, .ire 
id like a canopy over the horizon, to defend the 
fubjaccnt regions from the direct rays of the fun. A 
great quantity of elementary fire is thus rendered in- 
fallible in the torrid zone, and is carried by the dif- 
perfion of the vapours to the north and to the fouth, 
where it is gradually communicated to the earth when 
the vapours are condenfed." 

Thi'folu- '• r ' 1 la ^ ts P* lCC > as tnc D °ft° r ^ as advanced, 

tion totally cannot be denied ; but, by allowing it, the difficulty is 

infufficient not removed in the fmallelt degree, as will appear from 

to remove a due ation of the phenomena which he him- 

th*difficul- f c if j ias mentioned. He owns that the fun communi- 

*7- ih : the quellion is, What becomes 

of it, the (.million is continual? In fummer, 

the air, the earth, and the water, arc heated to a 

certain degree. On the fun's declining fouthward, 

the air lirit lofes its heat. Whither does it go ? It 

i ito the higher regions of the atmo- 

re, for thefe are conftantly found colder than the 

pari b ow.il doesnot defcend to the^arth and water j 

at the quantity they had ablorbed, as Dr 

laterally to the 

fouth for they are conftantly very hot, 

t their heat to thofe farther north, 

inftead of receiving any from them. How- comes it 

then, that the atmotphere ft ems perpetually to receive 

] 1C at ever being fatiatcd ? or if the heat cannot 

be found going off either upwards, downwards, or 

fidew ays, how" are we to account for its difappear- 
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This queftion feems to be altogether unanfwerable 

ion that heat is occalioned by the mere 

if we fuppofe it to be o] 

of an omniprcfent fluid, the 

at once. — On this fuppofition 

aril'e, \\ hence docs 

i, or by w hat is its action in general 

I . .; : Dr Berkenhout, in enumerating rhc 

I ts lire from two of thofe 
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ye, " According to the 
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philosophers f fay she), matter cannot move withi neat 

ing either impelled or attracted. 1 doubt much win- ofFire. 
therthisbc true of fire, and whether, when 111110111-' " 

motion be not one of its ellential properties, — 
Gravitation feems alio to be no property oi fire, which 
moves with equal facility in all directions, and may be 
accumulated in hard bodies to any degree without in- 
creafing their weight. Fire, being the caufe ol vola- 
tility, feems rather to be in conilant counteraction to 
gravity." 

But however ellential we may fuppofe the motion of 
fire to be toit, there cannot be any f< If-exilient mo- 
bility in its parts, otherwifc it on be diffufed 
equally throughout the univerfe, and the temperature of 
the whole reduced to an equilibrium. According to Diftriim. 
the prefent constitution of nature, we fee that the diltri- tion of heat 
bution of heat is principally owing to the fun j and owing to 
what we call its quantity , on the pofition of the ,llc fun- 
fun with regard to tcrrellrial objects and the length of oj 
time they are expofed to his rays. I. 'eat is not pro- How heat 
duced while the ra_ys have a direct paflage ; and there- '■ produced 
fore fluids through which they pals caiily, as air, are y c fun s 
not heated by the rays of the fun. But when the rays ra ^** 
are impeded in their courfe, and reflected in confide- 
rable quantity, a degree of heat takes place, which is 
always greater or lels in proportion to the intenfity of 
the rays. — In the reflecting fubftance, the heat will be 
comparative 1\ grt! ter in proportion to the quantity of 
rays which an or flopped in their courfe by 
it : but in any fubftance interpofed betwixt the fun and 
the reflecting body, the heat is proportional to the 
quantity of rays reflected* — Now it is plain, that when 
the particles of light fall upon any opaque fubftance, 
and enter its pores, which by their extreme fubtilty 
they are well calculated to do, they mnft make an at- 
tempt topafs directly through it in their natural courfe ; 
but as this cannot be done, they will pufh laterally, 
and in all directions, in confequence of being perpe- 
tually urged by the impulfe of the light coming from 
the fun: and thus an action will be propagated in all 
directions as radii from a centre towards a circumfe- 
rence, which when it takes place in that fubtile fluid 
always produces what we call hi at. ^ 

In completing the fyftem of nature, we perceive proofs cf 
three kinds of fluids of extreme fubtilty, and very the identity 
muchrefembling one another, viz. fire, light, and elec- of *> rc > 
tricity. That it ihould be agreeable to vulgar con- ''gh^ 11 ?* 1 
ceptions to fuppofe thefe all to be ultimately the fame, Kit ** 

is not furpriiing ; and on examining the evidence of 
their identity, it will certainly be found exceedingly 
ftrong. They all agree in the property of exciting 
the fenfation of heat in certain circumflances, and in 
not doing fo in others. Fire, we know, in the com- 
mon acceptation of the word, always does fo ; but 
when itaflumes the latent and kivifible flate, as in the 
formation of vapour, it lays afidc 1 h is feci ii<gly eflen- 

tial property, and the vapour is cold to th< tench. 

Light, when collected in a focus b) a burning glafs, 
i. e. when its ra wards a centre, and di- 

verge or atteni] 1 1 du< es heat al- 

ihc electtic fluid; for it has been found 
raconvergi ductorto 

n of a nee 1 blc of fating on fire a I 

r a quantity oftinder furroud- 
ing it *. There fctins alfo to be a connection betwixt • s ec r, 

Arc tritity. 
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lire and electricity in another way ; for in proportion as 
heat is diminifhed, or the bodies are cooled, electricity 
fucceeds in its place. Thus all electric bodies by heat 
become conductors of electricity, and cannot be ex- 
on between cited or made to fhow any figns of containing that 
fire or heat fj u j c j . DUt as f cou as t i ie h eat \ s removed, their electric 
property returns. Water is naturally a conducting 
fubftance : by being frozen its condudting power is lel- 
fencd, which ihows an approach to electricity ; and,- 
by being cooled down to 20 below o of Fahrenheit, 
the ice actually becomes electric, and will emit fparks 
* See EUc- by friction like glafs*. The atmofphere is a natural 
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electric : but by a certain degree of heat it lofes this 
property, and becomes a conductor ; nor is there any 
doubt that its electric properties are increafed in pro- 
portion to the degree of cold imparted to it. In the 
winter time, therefore, wemuftconfiderthe frozen fur- 
o t epo ar f ace Q £ ^ ie earth, the water, and the atmofphere of the 
winter. polarregions, as forming one electrical machine of enor- 
mous magnitude ; for the natural cold of thefe countries 
is often fufficient to cool the water to more than 20 
below o, and consequently to render it an electric. 
That this is really the cafe, appears from the exceflive- 
ly bright aurora borealis and other electric appear- 
ances, far exceeding any thing obferved in this coun- 
try. In the fummer time, however, no fuch appear- 
ances are to be feen, nor any thing remarkable except 
an exceflive heat from the long continuance of the fun 
above the horizon. This quantity of heat then being 
fummerbe- fucceeded by a proportionable quantity of electricity 
e l ec " in winter, it is impofliblc to avoid concluding that the 
heat in fummer becomes electric fluid in winter, which, 
going off through the celeftial expanfe, returns again 
to the grand fource of light and heat from which it 
originally came ; thus making room for the fucceeding 
quantities which are to enliven the earth during the fol- 
lowing fummer. 

Thus the difappearance of heat in winter, and of 
I00 electricity in fummer, in thefe countries, will be very 
Why thun- naturally and eafily accounted for. It is true, that the 
derand phenomena of thunder and lightning fliow the exift- 
ence of this fluid in vaft quantities during the fummer 
feafon : but thefe phenomena are only partial, and 
though formidable to us, are trifling in comparifon with 
the vafl quantities of electric matter difcharged by the 
continual flafhing of the aurora borealis, not to men- 
tion the fire-balls and meteors called fa lling ft ars, which 
are very often to be feen in the northern countries. In 
the fummer-time, theairwhichis an electric, heated by 
the rays of the fun, is excited or made to part with 
the fluid to the vapours contained in it ; and it is the 
unequal or oppofite electricity of the clouds to one 
another, or to the earth, which produces the lightning. 
But in winter, when the air, earth, and vapours, allbe- 
come electric, they cannot difcharge fparks from one to 
another as before ; but the whole, as one connected and 
vaft electrified apparatus, difcharges the matter almofl 
101 in a continued ftream for many months. 
Headlight, From a confideration of thefe and other phenomena 
cold, and f nature, as well as of the beft experiments which 
c ! c<ftr ^ 'i y ' have hitherto been made, we niufl conlider fire in the 
l f C C e C mi- a kftract as an omniprefent fluid, of fuch fubtiltyas to 
verfal fluid prevade alltcrreftrial fubflances. When by any means it 
is made to diverge every way as from a centre, there it 
operates as heat ; expands, rarefies, or burns, according 
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to the intenfity of its action. Proceeding in ftraight Nature of 
and parallel lines, or fuch as diverge but little, it acts ^ eat - 
as light, and fhows none of that power difcoverable in 
the former cafe, though this is eafily difcoverable by 
making it converge into a focus. In a quiefcent itate, 
or where the motion is but little, it prelfes on the fur- 
faces of bodies, contracts and diminiflies them every 
way in bulk, forces out the expanding fluid within 
their pores, and then acts as cold. In this cafe alfo, 
being obliged to fuftain the vehement action of that 
part of the fluid which is in motion, it flies with violence 
to every place where the preflure is leflencd, and pro- 
duces all the phenomena of Electricity. 

\ 1. Of the Nature of Heat. 

The manner in which the phenomena of heat may Particular 
be folved, and its nature underftood, will appear from folution of 
the following propofltions. the P heilC) - 

1. It is in all cafes obferved, that when lip-ht pro- T iena ° 
j • ,- j 1 1 • r ■ ,P . neat. 

ceeds 111 conliderable quantity from a point, diverging 

as the radii of a circle from its centre, there a conli- 
derable degree of heat is found to exift, if an opaque 
body, having no great reflective power, is brought near 
that point. 

2. This action of the light, therefore, may be ac- 
counted the ultimate caufe of heat, without having re- 
courfe to any farther fuppofuions ; becaufe nothing 
elfe befides this action is evident to our fenfes. 

3. If the point from which the rays are emitted is 
placed in a tranfparent medium, fuch as air or water, 
that medium, without the prefence of an opaque body, 
will not be heated. 

4. Another caufe of heat, therefore, is the refifl- 
ance of the parts of that body on which the light falls, 
to the action mentioned in Prop. 1. Where this relilt- 
ance is weak, as in the cafes juft mentioned, the heat is 
either nothing, or very little. 

5. If a body capable of reflecting light very co- 
pioufly is brought near the lucid point, "it will not be 
heated*. * See 

6. A penetration of the light, therefore, into the tne article 
fubftance of the body, and likewife a confiderable de- ^'"'"g" 
gree of refiftance on the part of that body to the action GU ^~ 
of the light, are the requifites to produce heat. 

7. Thofe bodies ought to conceive the greatcft de- 
grees of heat into whofe fubftance the light can belt 
penetrate, i. e. which have the leaft reflective power, 
and which moil ftronglyrelift its action ; which is evi- 
dently the cafe with black and folid fubflances. 

8. By heat all bodies are expanded in their dimen- 
fions every way, and that in proportion to their bulk 
and the quantity of heat communicated to them. 

9. This expanflon takes place not only by an addi- 
tion of fenfible heat, but likewife of that which is latent* 
Of this laft we have a remarkable inftance in the cafe 
of fnow mixed with fpirit of nitre. The fpirit of 
nitre contains a certain quantity of latent heat, which 
cannot be feparated from it without effecting a change 
on the fpirit itfelf; fo that, if deprived of this heat, 
it would no longer be fpirit of nitre. — Befides this, it 
contains a quantity of fenfible heat, of a great part of 
which it may be deprived, and yet retain itscharacter- 
iflic properties as nitrous acid. When it is poured 
upon fnow T , the latter is immediately melted by the ac- 
tion of the latent heat in the acid. The fnow cannot 
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. without imbibing a 
latcni . which it receives immediately 

which melts it. But the aoid cannot 
the heat without decompolition ; to pi i 

ifible heat occupies the place or" that 
.red the (how and liquefied it. The mix- 
then bc(>>.., ( ■-, exceedingly cold, and the heat 
all the bodies in the neighbour- 
; fo that, by the time ii has recovered that quan- 
tity of fen/iblc heat which was loll, or arrived at the 
temperature of the atmofpherc around it, it will con- 
tain a coniiderably larger quantity or heat than it o- 
ally did, and is therefore obferved to be expand- 
bulk. Another inftance of thisexpanlive power 
iicat is in the cafe of fteam, which always 
pies a much larger fpace than the fubftance from 
which it was produced ; and this whether its tempe- 
rature is greater or lefs than the furrounding atmo- 
fpherc. 

10. The difference between latent and fenlible heat, 
then, a;; far as we can conceive, is, that the expanfive 
r of the former is dircctedonly againft the particles 
of which the body is compofed ; but that of the latter 
is directed alfo againft other bodies. Neither doth there 
feem to be any difference at all between them farther 
than in quantity. If water, for inftance, hath but a 
fmall quantity of heat, its parts are brought near each 
other, it contracts in bulk, and feels cold. Still, how- 
ever, fome part of the heat is detained among the a- 
queous particles, which prevents the fluid from con- 
gealing into a folid mafs. But, by a continuation of 
the contracting power of the cold, the particles of wa- 
ter are at laft brought fo near each other that the in- 
ternal or late tit heat is forced out. By this dilcharge 
a quantity of air is alio produced, the water is con- 
gealed, and the ice occupies a greater fpacc than the 
water did ; but then it is full of air-bubbles, which are 
r \ idently the caufe of its expanlion. The heat then 
becomes fenfible, or, as it were, lies on the outiide of 
the matter; and consequently is eafily diffipated into 
the air, or Communicated to other bodies. Another 
way in which the latent heat may be extricated is by a 
conftant addition of fenlible heat. In this cafe the bo- 
dy is tirfl raifed into vapour, which for fome time car- 
off the redundant quantity of heat. But as the 
of this heat is continually increafed, thetex- 
pour itfelf is at laft totally destroyed. It 
mes too much expanded to contain the heat, 
which is therefore violently thrown out on all fides into 
phere, and the body is faid to burn, or be on 
See Combustion, Flame, and Ignition, 
i i. Hence it follows, that thofe bodies which have 
the leaft fhare of latent heat, appear to have the 
: eft quantity of fenfible heat; but this Is only in 
appearance, for the great quantity they feem to con- 
is owing really to their inability to contain it. 
ppofc a fubftance capable of tranf- 
_h it as faftasit received it ; if fuch 
I over a fire, it would be as hot as 
. and yet the moment it was taken off, it 
.1 be perfectly cool, on account of its incapacity 
the heat among the particles of which it was 
compo! 

IX, The heat, therefore, in all bodies confifts in a 
tiofl of the elementary fire within 



them tending from a centre to a circumference, and Nature of 
thus making an effort to Separate the particles 

the body from each other, and thereby to change its ' " 
form or mode of exiltencc. When this change is ef- 
fected, bodies arc laid to be dillipatcd in vapour, cal- 
cined, vitrified, or burnt, according to their different 
nam I 

13. Inflammable bodies are fuch as arc eafily raifed 
in vapours j that is, the fire eafily penetrates their 
parts, and combines with them in Inch quantity, that, 
becoming exceedingly light, they arc carried up by 
the atmofphere. Every fucceeding addition of heat 
to the body increafes alio the quantity of larvnt heat 
in the vapour, till at laft, being unable to refill its ac- 
tion, the heat breaks out all at once, the vapour is con- 
verted into flame, and is totally decompofed. Sec the 
article Flame, and Prop. 10. 

14. Uninflammable bodies are thofe which have their 
parts more firmly connected, or otherwifc difpofed in 
fuch a manner, that the particles of heat cannot eafily 
combine with them orraifc them into vapour. 

15. Heat therefore being only a certain mode of 
the action of elementary fire, it follows, that the ca- 
pacity of a bedy for containing it, is only a certain 
conftitution of the body itfelf, or a difpolition of 'its 
parts, which can allow the elementary fire contained in 
it to exert its expanfive power upon them without be- 
ing diilipated on other bodies. Thofe fubftances 
which allow the expanfive power of the fire to operate 
on their own particles are faid to contain a great deal 
of heat ; but thofe which throw it away from thein- 
felvcs upon other bodies, though they feel very hot, yet 
philofophically fpcaking they contain very little heat. 

16. What is called the quantity of heat contained in 
any fubftance, if we would fpeak with the ftricteft 
propriety, is only the apparent force of its action, ei- 
ther upon the parts of the body itfelf, or upon other 
bodies in its neighbourhood. The expanfive force of 
the elementary fire contained in any body upon the 
parts of that body, is the quantity of latent heat contained 
in it ; and the expanfive force of the fire exerted upon 
other bodies which touch or come near it, is the quan- 
tity of fenfible -heat it contains. 

1 7. If what we call heat confifts only in a certain 
action of that fluid called elementary f re, namely, its 
expanfion, or acting from a centre to a circumference, 
it follows, that if the fame fluid act in a manner di- 
rectly oppofite to the former, or prefs upon the par- 
ticles of a body as from a circumference to a centre, 
it will then produce effects directly oppofite to thofe 
of heat, i. e. it will then beabfolute cold, and produce all 
the effects already attributed to Cold. See that article. 

18. If heat and cold then are only two different 
modifications of the fame fluid, it follows, that if a hot 
body and a cold one are fuddenly brought near each 
other, the heat of the one ought to drive before it a 
part of the cold contained in the other, /. e. the two 
portions of elementary fire acting in two oppofite ways, 
ought in fome meant re to operate upon one another 
as any two different bodies would when driven againft 
each other. When a hot and a cold body therefore 
are brought near each oihcr, that part of the cold 
body fartheft from the hot one ought to become colder 
than before, and that part of the hot body fartheft from 
the cold one ought to become hotter than be/ore. 



Theory. 



CHEMISTRY. 



Genei 19- For the fame rcafon, the greateft degree of cold 

Effc&s of in any body ought to be no obftacle, or at leaft very 
Heat. little, to its conceiving heat, when put in a proper 

• * ' lituation. Cold air, cold fuel, &c. ought to become 

as intenfely heated, and nearly as foon, as that which 
is hotter. 

The two lafl proportions are of great importance. 
When the firfl of them is thoroughly efb,blifhed, it 
will confirm beyond a doubt, that cold is a pofitive, as 
well as heat ; and that each of them has a. feparate and 
diftinct power, of which the action of its antagonifl 
is the only proper limit ; i. e. that heat can only limit 
the power of cold, and vice verfa. A flrong confir- 
mation of this propofition is the experiment related by 
M. Geoffroy ; an account of which is given under the 
article Cold. Another, but not fo well authen- 
ticated, is related under the article Congelation. 
-De Luc's obfervation alfo, mentioned by Dr 
Cleghorn, affords a pretty flrong proof of it ; for if 
the lower parts of the atmofphere are cooled by the 
palfage of the fun's rays at fome diftance above, and 
it hath been already mown that they do not attraCl 
the heat from the lower parts, it follows, that they 
mufl expel part of the cold from the upper regions. — 
The other propofition, when fully eftablifhed, will 
prove, that heat and cold are really convertible into 
one another ; which indeed feems not improbable, as 
we fee that fires will burn with the greateft fiercenefs 
during the time of intenfe frofts, when the coldeft air 
is admitted to them ; and even in thofe difmal regions 
of Siberia, when the intenfe cold of the atmofphere is 
fufheient to congeal quickfilver, it cannot be doubted 
that fires will burn as well as in this country ; which 
could not happen if heat was a fluid per fi, and capable 
of being carried off, or abfolutely diminiihed in quan- 
tity, either in any part of the atmofphere itfelf, or in 
fuch terreftrial bodies as are ufed for fuel. 

• §2. Of the general Effefis of Heat. 

Having faid thus much concerning, the nature of 
heat in general, we come now to a particular explana- 
tion of its feveral effects, which indeed conftitute the 
whole of the active part of chemiftry. — Thefe are, 

I. Expaufio/t, or increafe of bulk in every direction. 

This is a neceffary confequence of the endeavour 

which the fluid makes to efcape in all directions, when 

made to converge into a focus. The degree of expan- 

fion is unequal in different bodies, but in the fame 

TO , body is always proportionable to the degree of heat 

Inftru- applied. There are two different inftruments in ufe 

ments for for ascertaining the degrees of expanfion ; and as wc 

meafurmg j^yg already fhown, that the degree of heat can only 

the cxpan- ^ e ] cnown by tne expanfion, thefe effects of heat upon 

wnso °- t fo c inftrument are ufuaily taken for the degrees of 

heat themfelves. Thefe inftruments are called the 

Thermometer and Pyrometer. The former is 

compofed of a glafs tube, with a globe or rather oval 

tube at one end, and exactly cfofed at the other : it is 

moft ufuaily filled with mercury or fpirit of wine ; but 

mercury is generally preferred on account of its ex- 

panfions being more equable than thofe of any other 

fluid. It has the difadvantage, however, of being 

fubject to congelation; which is not the cafe with fpi- 

iit of wine ; when Yery highly rectified. Spirk-of-wine 
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thermometers, therefore ought not to be entirely dif- General 
ufed, but feem rather a neceifary part of the chemi- Effects of 
cal apparatus, as well as thofe made of mercury. P eat - ( 

As no thermometer made with any fluid can mea- I04 
fure either the degrees of heat about the point at Wedge- 
which it boils, or the degree of cold bdow which it wood's im- 
congeals, inftruments have been contrived by which provement- 
the expanfion of folid bodies, though much lefs than ofthether* 
what is occalioned by an equal degree of heat in a mome c 
fluid, may become vilible. Thefe were ufuaily called 
Pyrometers ,• but Mr Wedgewood has lately contrived 
a method of connecting the two together, in which 
the higheft degree of heat, exceeding even that of a 
glafs-houfe furnace, may be meafured as accurately as 
the more moderate degrees by the common mercurial 
thermometer. See Thermometer. io » 

Expanfion in fome cafes does not appear to be the inftancea 
effect of heat, of which we have two remarkable in- of bodies 
fiances, viz. of iron, which always expands in cool- expanding 
ing after it has been melted ; and of water, which ex- ^Y cold, 
pands with prodigious force in the act of freezing. 
The power with which iron expands in the act of 
paffing from a fluid to a folid ftate, has never been 
meafured, nor indeed does it feem eafy to do fo ; but 
that of freezing water has been accurately computed. j 6 
This was done by the Florentine Academicians, who Prodigious 
having filled an hollow brafs ball of an inch diameter, force exert- 
with water, expofed it to a mixture of fnow and fait, eJ ty wa- 
in order to congeal the water, and try whether its force te 
was fufheient to burft the ball or not. The ball, being 
made very flrong, refilled the expanding force of the 
water twice, eVen though a coniiderable part of its 
tl-iirknefs had been pared off when it was perceived 
too flrong at rirft. At the third time it burft ; and by 
a calculation founded on the thicknefs of the globe 
and the tenacity of the metal, it was found that the 
expanfive power of a fpherule of water only one inch 
ill diameter, was fufheient to overcome a refiftance of 
more than 27,000 pounds, or 13 tons and an half. 10 j 

A power of expanfion fo prodigious, little lefs than Ufed as an 
double that of the moft powerful fleam-engines, and argument 
exerted in fo fmall a body, feemingly by the force of for the ex " 
cold, was thought to be a very powerful argument in , c ? ce 
favour of thofe who fuppofe cold to be a pofitive fub- D0 fi t : ve 
fiance as well as heat ; and indeed contributed not a fubitance. 
little to embarrafs the oppofite party. Dr Black's 108 
difcovery of latent heat, however, has now afforded Explained 
a very eafy and natural explication of this phenome- b Y D * 
non. He has fhown, that, in the act of congelation, B!ack ' s | ne "" 
water is not cooled more than it was before, but ra- ° ry . ^ j*~ 
ther grows warmer : that as much heat is discharged, 
and paffes from a latent to a feniible ftate, as, had it 
been applied to water in its fluid ftate, would have 
heated it to 135°. In this procefs the expanfion is xheexpan- 
occafioned by a great number of minute bubbles fud- fion produ«* 
denly produced. Thefe were formerly fuppofed to be cei by the 
formed of cold in the abftract ; and to be fo fubtile, extrication 
that, infmuating themfelves into the fiibftances of the 
fluid, they augmented its bulk, at the fame time that, 
by impeding the motion of its particles upon each 
other, they changed it from a fluid to a folid. Dr 
Black, however, has demonitrated, that thefe are only 
air extricated during the congelation ; and to the ex- 
trication of this air he very juftly attributes the prodi- 
gious expanfive force everted by freezing water. TB« 

only 
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ted, .uui t< 
!. i np m >r< - the fluid 

this ■■• 

. narged fr 

unclaltic ftate, 
J itraordinary 

in tin "*' gunpowder. Tl 

l in the cafe of , is properly an effect 

mull therefore be e ' ?s a pheno- 

ily and certainly attending I . 
irr heat, a;ul in all cafes to be afcribed to it. 

tyof The only m cment or fluid of fire 

• body for can be fuppofed to act, and the way in which we can 
eontminhig j uvc a ra rional idea of its being able to produce both. 
w ? h heat and cold according to the diverfity of its action, 
..plained fo fully, that it is nccdlefs 
of heat up- ; it prefent to enter into any further difcuihon of the 
•n that bo- fubject. It will eafily appear, that the capacity for 
4j. containing heat is nothing different from the aftion 

of heat upon that body in expanding, and at laft altcr- 
:s form in fuch a manner, as cither to be able to 
infinuate itfelf among the particles in much greater 
quantity than before, Hill retaining its internal ac- 
tion, though the external one becomes imperceptible ; 
or fcattering them in fuch a manner, that it breaks 
in great quantity in its peculiar appearances of 
md light ; in the former cafe producing vapour or 
(moke, and in the latter flame, as (hall afterwards be 
tmpoffibill- more fully explained. It muft likewife appear, that 
ty of deter- tb determine the quantity of heat in any body is 
mining tbe altogether impoffible : and with regard to the lowcrt 
heat, or total expulfion of that fluid, fo 
boa- co , able to determine what it is, the pro- 

bability muft be, that nature docs not admit of any 
thing ; for if heat confifts in the expanfivc ac- 
of a certain fluid, and cold* in its oppofite or 
tion, there is very little reafon to fup- 
Llie conftitution of nature will allow any one 
of thefe actions intirely to ceafe, as it dees not ap- 
means it could again be renewed. Cold, 
as W( :nlv feen, always tends to produce elec- 

tricity ; and tl ixt that ;.nd fire is fo 

itrong, that we cannot fuppofe the former to be car- 
eat extreme without producing the lat- 
■ therefore fuppofe concerning 
the capacities of different bodies for containing heat, 
or co he point of total privation of heat, mull 

of foundation. A rule, however, 
has 1 Mr Kirwan for finding the point of 

, which, together with its demonftra- 
lion, we mall fubjoin ; and as it is r.eceflary for the 
better tin. g of this, to call to remembrance 

erning the difference between 
lecific heats of bodies, we fhall 
.he doctrine from Mr Nicholfon. 
MrN of different kinds and tem- 

fon's i lit into contact, the common tem- 

. be the mean betw ixt the 

mperatures; that is to fay, the furplus 

°" of hi '" be unequally divided 

-en them, and the proportions of this furplus re- 

refs their refpetfive dif- 

, or capacities for heat. — If, there- 
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. a given fubilancc, as for example fluid water, be o<- 
n as the ftandard ol comparifon, and its capacitj EUR 

. or unity, the rclju\ti\ <■ caj-a- Heat, 
citii cterminea by experi- *"~ v 

timbers in the fame manner 
as fpecil . And becaufe it 

cltabliihed as well from reafon as experiment, that the 
fame cap.: it) for heat obtains in all temperatures of ■ 
given body, fo long as its ftate of folidity, fluidity 

ij not changed, it will follow, that the whole 
quantities oi - ill equal bodies of a given temperature 
will be as thole en, And as the respective 

quantities of matter, in bodies of equal volume, give 
the proportions of their fpecific gravities, fo the re- 
fpective quantities of heat in bodies of equal weight and 
temperature give the proportions of their fpecific heats. 

*« A ! -cater capacity for heat, or greater fpecific 
heat, in a given body, anfwcrs the fame purpofc w ith 
refpetl to temperature as an increafe of the mals ; 
or the quantity of heat required to be added or 
fiibduclcd, in order to bring a body to a given tempe- 
rature, will be as its capacity or fpecific neat. 

" The capacities not only differ in various bodies, 
but a 1 '!- in the fame boely, according as it is either 
lid, fluid, or vaporous ltatc. All the experi- 
ments hitherto made confpire to mow, that the capa- 
city, and coufequently the fpecific heat, is greateft 
in the vaporous, lefs in the fluid,' and leaft in the fo- 
lid ftate. 

" The quantity of heat that conftitutes the difference 
between the feveral Hates, may be found in degrees of 
the thcrmc. ctev. Thus if equal quantities of water 
at 162 and ice at 32 of temperature be mixed, the 
ice mcJts, and the common temperature becomes 32 ; 
or otherwife, if equal quantities of frozen or fluid* wa- 
ter, both at 32 , be placed in a like fituation to acquire 
heat from a fire, the water will become heated to 162°, 
while the ice melts without acquiringany increafe of tem- 
perature. In either cafe the ice acquires 130 of heat, 
which produces no other efiect than rendering it fluid. 
Fluid water, therefore, contains not only as much more 
heat than ice, as is indicated by the thermometer, 
but alfo 130 , that is in fome manner or either em- 
ployed in giving it fluidity. And as fluid water can- 
not become ice without parting with 130 of heat be- 
fides what it had above 32 in its temperature ; fo al- 
fo ftcam cannot become condenfed into water with- 
out imparting much more heat to the matters it is 
cooled by, than water at the fame temperature Mould 
have done. 

" The heat employed in maintaining the fluid or 
vaporous form of a body, has been called latent heat 
becaufe it does not affect the thermometer. 

" From the confideration of the fpecific heats, of M^itr- 
the fame body in the two ftatcs of fluidity and folidi- wan'ithea* 
ty, and the difference between thofe fpecific heats, is rem for 
deduced a method of finding the number of degyees Ending the 
which denote the temperature of any body i; ' ' <tfto- 

ly after congelation, reckoned from the natural veto, t ? 1 P riv *" 
or abfolutc privation of heat. The rule is ; multiply heiL 
the degrees of heat required to reduce air, 
fluid flatc, by the number exprefling the fpecific heat 
of the fluid : divide this product 1 . 'Cnce be- 

tween the numbers exprefling the fpecific heat of the 
body in each ftate : the quotient will be the m 

of 



Theory. 



CHEMISTRY. 




of degrees of temperature, reckoned from an abfolutc 
privation of heat. 

" This theorem is Mr Kirwan's, and maybe proved 
thus. Let s reprefeut the required temperature of the 
body"j uft congealed, /=the number of degrees that 
exprefs the heat required to reduce it to fluidity, nzz 
the fpecific heat of the folid, and m zz the fpecific 
heat of the fluid. Then s+l : s v : m : n. Whence 

s zz " =: the temperature from the natural zero 

111 — ;; 
in thermometrical degrees of the fluid. But becaufe 
the actual fall of the thermometer is to be produced 
by cooling the folid, we muft pay attention to its capa- 
city. The quantity of heat required to produce a 
given change of temperature in a body is as its capa- 
city ; and consequently the changes of temperature, 
\\ T hen the quantity of heat is given, will be inverfely 

, ... - In in 

as the capacities : therefore, /; : m : : -zzs. 

m — ;; \m — n 

which is the rule abovementioned. 

" If the data /, m } and w, be accurately obtained 
by experiment, in any one inftance, and the difference 
between the zero of Fahrenheit's fcale and the natural 
zero he thence found in degrees of that fcale, this 
difference will ferve to reduce all temperatures to the 
numeration which commences at the natural o. So 
that s being known in all cafes, if any two of the 
quantities /, m, or n, be given in any body, the other 



may be likewife had. For /= 
and nzz . 



sr/i — sn 
m 



and m zz . 



'* To give an example of this curious rule, let it be 
required to determine how many degrees of refrigera- 
tion would abfolutely deprive ice of all its heat ? The 
degrees of heat neceflary to melt ice are 130 ; and the 
fpecific heats of ice and water are as 9 to 10. The 
number 130 multiplied by 10, produces 1300, and 
divided by the difference between 9 and 10 quotes 
1300 : therefore if ice were cooled 1300 degrees be- 
low 32 , or to — 1268 of Fahrenheit's fcale, it would 
retain no more heat." 

II. Fluidity is another effect of heat, and is capable 
of taking place in all bodies hitherto known, when 
the fire is carried to a certain pitch. Theories have 
been invented, by which fluidity was afcribed to the 
fmoothnefs and round figure of the particles whereof 
bodies were compofed, and folidity to an angular or 
irregular figure. It has alfo been afcribed to a ftrong- 
er degree of attraction between the parts of folids 
Fluidity to than of fluids. Dr Black, however, has mown, that 
be afcribed j a r.] ie ca f t f melting ice, we are certainly to aferibe 
to the ah- tnc ac q U ired fluidity of the water to the abforption of 
orp ion o j ieat> This was determined by a deci live experiment, 
in which he expofed a Florence-fiafk full of water to 
the atmofphere in a warm room, when he found that 
the heat in the air evidently left it, to flow into the 
ice in the bottle, and reduced it to fluidity. The air 
thus deprived of its heat, he felt fenfibly defcending 
like a cold blaft from the bottle, and continuing to do 
fo as long as any of the ice remained unthawed; yet 
after it was all melted, the temperature of the fluid 
was no more than 32 . Different degrees of heat are 
requilite for converting different folids into fluids, for 
which fee the Table of Degrees of Heat. 
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This theory receives an additional confirmation from General 

the quantity of heat which is always known to be produ- ^A of 

ced by the converlion of a fluid into a folid. And that . eat ^ 

this is really the cafe appears, 1 . From what happens in u6 

the congelation of waters, it appears that ice is formed Senfible 

very ilowly, and with feveral circumitances which fup- heatprodu- 

port the theory. — Thus, if we fuppofe equal quantities ce(1 b / the 
r 1 • 1 ■ i • 1 1 1 r.. a converlion 

of water to the air, which is perhaps 10 below 11 oft, of . a fiu .j 

and add to one of thefe a fmall quantity of fait or i nt0 a folii. 
fpirit of wine, and obferve the cooling of each, we 
ihall find them both grow gradually colder, until they 
arrive at the temperature of froft : after which the wa- 
ter containing the fait will continue to grow colder, 
until it has arrived at the temperature of the air, at 
the fame time that only a fmall quantity of the other 
water is converted into ice. "Yet were the common 
opinion juft, it ought all to have been congealed by this 
time ; inftead of which, it is fcarce grown a degree 
colder during the whole time. Its remaining at the 
fame temperature for fo long a time, fhows that it has 
been communicating heat to the atmofphere ; for it is 
impollible that any body can remain in contact with an- 
other that is colder, without communicating heat to it. 
Whence then comes this heat ? There muft be fome 
fource adding to the fenilble heat of the water, fo as to 
keep its temperature to the freezing point : and this 
fource of heat muft be very confiderable ; for it will 
continue to act for a very long time before the Mater 
is changed into ice ; during all which time, even to the 
laft drop, the water is not a degree colder than 32 of 
Fahrenheit's thermometer. This, therefore, is the 
latent heat of the water, which had formerly entered 
into it during its tranfition from ice to a fluid ftate. 

A ftill ftronger argument is derived from the fol- Argument 
lowing experiment ; which evinces that the fluidity of in fupport 
water really depends upon its latent heat, and that of thetheo- 
the fenfible heat is only a mean or condition to its rv from 
containing the latent heat. This experiment confifts wa * e * re " 
in expoiinp- water contained in a covered beer-p-lafs to n^j""?. 8 '» 

i • r ljj-n -i it i* 3 fluid tno 

the air of a cold frofty night ; and when the anno- coo i e< } t c . 
fphere is at the temperature of perhaps io° or 12° be- low 3a . 
low froft, the water will acquire that temperature 
without freezing : fo that the fluidity of the water 
does not altogether depend on the quantity of fen- 
fible heat contained in it. The congelation, however, 
may be brought on by touching it with a bit of ice, 
with the extremity of a wire, by a fhock upon the 
board, or otherwife dillurbing it ; and we then find 
the temperature fuddenly raifed up to 32 . This 
fhows plainly, that the water has a difpofition to re- 
tain the quantity of latent heat, upon which its flui- 
dity muft immediately and neceftarily depend ; and it 
retains it with a certain degree of force, fo as to keep 
the water fluid in a temperature below that in which 
it ufually parts with the latent heat and congeals. By 
difturbing it, however, we inftantly bring on the con- 
gelation, which cannot take place without an extri- 
cation of the latent heat ; which then, being changed 
into the ordinary or moveable heat, raifes the thermo- 
meter as ufual. The quantity of heat difcharged from 
the firft fmall portion of ice formed in the water is 
iufRcient to prevent any more latent heat from Sepa- 
rating, and confequently from any more ice being 
produced till more of the fenfible heat is abftracted. 

This doctrine extends not only to fuch bodies as 
are actually converted from a folid to a fluid, or from 



*4 



CHEMISTRY. 



i 




119 

.it the 
tiuia .. 



110 
>ur 
J by 
forp- 

1 ion of la- 

' -at. 



151 

t> by 
l)r LUack 

ke con 

v»rfion of 

r into 

vjpour. 



. 

tance, melted 
paque and 
it rtufl be colder it ill before it attains 
hardnefs. There is 1 
of beat below which every body is folid, 
fluid ; the former b 
congealing) and the latter the melting, point 
iics. 

intents upon different fubftances, 
tlic Doctor . inced that latent heat is the uni- 

iliiidity ; and the doctrine holds good in 
hitherto been made upon 
, b -.. .s, and feme of the metals. If 
tre melted, allowed to cool llowly, and a thermo- 
meter be immerfed into them, we find, that as long as 
inue fluid, their fenfible heat diminiihes very 
Lliey begin to grow folid, the {cn- 
! ie.it continue^ than that of the air to 

h they are expofed ; and during ail this time it is 
comr . licit to the air, without having its fen- 

fible heat dimihifhed ; for the latent heat within the 
fluid gradually receives a fallible form, and keeps up 
re, proving a fource of fenfible heat, 
which is communicated 10 the neighbouring bodies as 
as the fur rounding air. The foftuefs and ductility 
lepend on this alio. 
III. Evaporation. A third cfTedt of the action of 
converting bodies into vapour, by which 
.ire rendered fpccirically lighter than the furround- 
tmofphere, and enabled to rife in it. To account 
is, many theories have been invented ; but that of 
1 L<k, who accounts for it, as well ;js fluidity from 
bforption of latent heat, is now univerfally re- 
' rcumftanccs by v. hich lie proves and il- 
lultraie; his doctrine are the follow 

1 . When W( attend to the phenomena of boiling wa- 
ter, in a tea kettle for inftance, it may, when firit put 
upon the fire, be about the temperature of 48° or 50 . 
In a quarter of an hour it will become heated to 21 2 . 
to bo 1, and has gained 162 of vapour in 
that time." Now, if the t. 1 "fit into vapour de- 

ed 0:1 the quantity of fenfible heat introduced, we 
long it will be neceflary to raife it all in 
r ? Surely another quarter of an hour mould be 
ient; but this is far from being the cafe. Dr 
k made fome experiments upon this fubject in 
tn&ion with another gentleman. Having the op- 
■porriinity of what is called a kitchen-r.blc or a thick 
:t iron, one end of which was made fenfibly 
red-hot, they fet upon this fome iron veflels with cir- 
rlat bottoms, of about four inches diameter, and 
■ed a quantity of water. The tempera- 
. as alfo when it began to 
1 the whole of it was boiled av 

le its temperature 
been 5-1° ; in four minutes it began to boil, and i. 
. ed 1 j8° degrees of heat. Hi 
. depended merely on the quan- 
f fenfible heat introduced, it ought to ; 
: a fingle minute more 

es of heat before r 

1 
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AW this time, therefore, while the water con- 

which mi • [uillv fail out of it ; 

for the vciicl s , the iron plate 1 

nued equally hot, the whole time. The veflels were 
of different fhapes, fome of them cj lindrical, fome co- 
nical, others widening upwards ; one of the deligns of 
xperiment befhg to lhow how far the evaporation 

was retarded by the particular form of the veflels. By 
fufpending a thermometer in the mouth of one of the 
evaporating veflels, the heat of the iteam was found to 
be exactly 212 ; l'o that as the great quantity of 
heat abforbed was found neither to have remained in 
the water, nor to have been carried away by the lteam 
in a fenfible manner, we have nothing left to fuppofe, 
but that it flew off as one of the component parts of 
the fteam in a latent ftate. 

2. In an experiment to {how the fixednefs of the 
boiling point of water, Dr Black inclofed fome of that 

in a ftrong vial having a thermometer in it, and 
flopped clofe with a cork. By the application of heat 
he hoped now to be able to raifc the thermometer fome 
degrees above the boiling point, which would be the 
natural coufequence of the confinement of the fleam. 
\\ hen this was done, he pulled out the cork, and fup- 
■ that the water would now all fly out in vapour : 
but in tiiis he was totally difappointed ; a fudden and 
very tumultuous boiling cnfueil, which threw out fome 
of the water ; but though fome quantity of fteam like-, 
wife iflued, the quantity of water was not considerably 
diminifhed. The vial bad been heated to 20 above 
the boiling poim, but almoft inftantly cooled down to 
212°, when the cork was taken out. 

3. Mr Watt, in making fome experiments on the 
force of fleam, had occalion to ufe Papin's digefter, 
with a pipe proceeding from its fidej the prificc of 
which was Unit with a valve prefled down by one end 
of a lever. Thus he heated fleam to 400° of Fahren- 
heit ; after which, having fuddenly ftruck off the lever, 
a quantity of fleam flew out with conlidciable noife, 
and w itli fuch violence as to make an impreflion 0:; tlie 
ceiling of the room ; but this noife gradually diininifll- 
ed, and after ten minutes it ceafed entirely ; and upon 
opening the machine, he found the greateftpart of the 
water ft ill remaining. 

4. The change of fenfible into latent heat in the 
formation of vapour, appears ftill more evident i 

ig of water /;/ vacuo. Mr Boyle took a quantity 
of water which had been previously boiled to purge it 
of its air, and put it whilft hot under the receiver of an 
air-pump. Inconsequence of this it began again to boil, 
and continued I I it was only lukewarm, and it 

foon arrived at this temperature; io that in this tafe 
alfo the heat had disappeared during the converJion of 
the fluid into vapour. Others have repeated the ex- 
periment, as Boerhaave, Mufchenbroek ; and Robinfon, 
res on chemiftry in Glafgow, fays that the 
idles very fail till it comes to 90 or 950, 
which feems to be the boi tit of water in •. 

As a . 

• nor in t\ 
that it enters the latter a, part 

:;and fome curious expe- 
r Cullen upon ether and oth< 
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latile fluids. He employed fome perfons to make ex- 
periments upon the cold produced by evaporation ; 
and willing to repeat them himfelf in vacuo, he put 
fome of the molt volatile liquors under the receiver 
DrCullen'sof an air-pump. One of thefe was ether. It was 
experi- contained in a glafs, in which there was alfo placed 
meats on fome water. When the air was extracted, the ether 
coldprodu- De g an to boil, and to be converted into vapour, till it 
ced >y eva- t, ecame f verv c0 \& t h at; j t f roze the water contained 
in the veifel, though the temperature of the room was 
about 50 . Here therefore there was a quantity of 
heat which difappeared all of a hidden ; which it is 
plain could not be owing to. its having any communi- 
cation with that of the atmofphere or other cold bo- 
dies, as they could not render it colder than they were 
themfelves. Ether therefore is to be confidered as a 
fluid fo volatile, that were it not for the prellhre of the 
atmofphere it would be perpetually in the ftate of va- 

Heatexj>el- 6. That this heat which enters into the vapour is 
led in great not deftroyed, but remains in a latent ftate, is 
quantity by eafily proved; for we find that a great quantity of 
theconden- h. eac i s expelled from vapour when it is condenfed again 
to form the body it compofed originally. This is ea- 
fily afcertained by obferving the quantity of heat com- 
municated to the water in the refrigeratory of a ftill 
by any given quantity of liquid which comes over. 
Thus, if the refrigeratory contain 100 pounds of 
water, and the diftillation be continued till only one 
pound has come over, fuppofing the water in the refri- 
geratory to have received 8° of heat ; it is plain, that 
if tht whole of the quantity thus received could be 
thrown into one pound of water, the latter would be 
heated to 8oo° ; which is fufficient to make an equal 
fpace of iron red-hot. But that this quantity of heat 
is received by the water in the refrigeratory has ap- 
peared from feveral experiments, which (how that wa- 
ter, by being converted into vapour, abforbs between 
I2 6 8oo° and 900 of heat. 
Mr Watt's On this principle we may explain fome curious 
experi- experiments made by Mr Watt with regard to the 
ments 011 evaporation of fluids in vacuo. That gentleman had 
the evapo- formed a defign of converting water into fteam with 
flui'ds ' a- * e ^ s ex P ence °f f ue l> which he imagined might be 
cw> ' done by removing the preffure of the air from the 
water, which he thought would thus require a much 
fmaller quantity of fuel to convert it into vapour. Dr 
Black, however, perceiving that only the fmall quan- 
tity of fenfible heat the fteam poiTefled could thus be 
carried off, informed him beforehand that his project 
would not be found attended with the advantages he 
imagined. The experiment, however, was made in 
the following manner : A ftill was procured of tinned 
iron, the body of which refcmbled that of a retort, 
with a veflel ferving as a condenfer ; the whole appa- 
ratus being clofe, excepting a little hole in the extre- 
mity of the condenllng veffel. He firft exhaufted this 
veflel dfrair by holding the condenfer over the retort, 
in which fome boiling water was contained, until it was 
entirely converted into fteam. He then fuddenly 
flopped the little hole, and removed the veffel s from 
the fire ; when, after th< was a 

pretty perfect vacuum formed by ; ttion of 

the fteam. The retort was then pui <"»n the fire, and 
turned fo that the pipe and cor ' hould 



hang downward ; and plunging them into cold water, General 

heat was applied to the Hill till the water boiled, as Eff-clsof 

could be known by the noife. It was kept boiling, ^ eat ' 

till a quantity of fteam was pufhed over and condenfed 

with a very gentle heat, the ftill feeling little warmer 

than his hand. After a certain quantity had been 

difrilled, the apparatus was removed, and he had noted 

the heat of the water in the refrigeratory ; but though 

the fteam all along came over with fo gentle a heat, 

he found the quantity communicated to the water in 

the refrigeratory to be furprifingly great, not lefs than 

1000 ; fo that it would have been more than fufficient 

to heat the quantity of liquor which came over red-hot. r 2 - 

IV. Ignition, or the cauling bodies to ihine or emit ignition a 
light in the dark. This may be confidered as a fpe- conflanc 
cies of inflammation, and fhall therefore be explained and ftcady 
under that head : here we lhall only obferve, that ig- eff e( ^ of 
nition is a more fteady and conftant effect of heat than ieat j' g 
either the produ6tion of fluidity or vapour ; and ap- A n ignited 
pears not only to be the fame degree with regard to bodies e- 
any particular body, but the fame with regard to all quallyhot. 
kinds of matter. Dr Martin imagines, that a red-hot 
piece of iron is hotter than a red-hot piece of ftone ; but 
if you put into a crucible an hundred different kinds of 
matter, as metals, glafs, &c. that are capable of bearing 
a red heat, they will all begin to appear luminous about 
the fame time, and their brightnefs will increafe equal- 
ly as their heat increafes. But it is difficult to know 
at what point this begins, as we have no way of afcer- 
taining the beginning or loweft degree of ignition but 
by the effect it produces on our fight, and we cannot 
be hire that we perceive the lowcit degree of light ; 
for we know that other animals fee objects with fuch 
light as appears perfect darknefs to us. Sir Ifaac 
Newton's method of determining this has been already 
mentioned. 

Dr Boerhaave entertained a notion, that fome Metals 
metals, after being once brought into a ftate of fu- may be- 
fion, could be made no hotter ; and propofes the pof- c °rne vaft- 
fibility of this as a queftion, " Whether the heat of 1 ? hotter 
metals can be increafed after they are melted ?" There afte 7 the K. 
is not, however, the leaft doubt but that their heat may fnto fufion; 
be vaftly increafed after they are melted ; and we know 
certainly that fuch as are of eafy fulion may be 
heated to a vaftly greater degree after being melted; 
and why may not thofe requiring ftronger heats be the 
fame ? We are fure that this is the cafe with lilver, 
which, after being melted, may be brought to fuch a 
heat as to become too dazzling for the eye to bear it. 
If Boerhaave's opinion were juft, it would be impota- 
ble to caft any metal into moulds, becaufe it mult lofe 
a little heat in being removed from the fire and in en- 
tering the mould ; nor would they receive a proper 
impreffion if they did not contain a greater quantity 
of heat than was neceflary for rheir fulion. 

Ignition appears to be univerfal ; and all bodies ca- ignition an 
pable of fupportiug it without being converted into an univerfal 
eiaftic vapour that cannot be confined, are affected effe<a: of 
the fame way. Water, which in its ordinary ftate ** rc * 
feems very little capable of enduring this heat, may be w r31 
confined in ftrong veflels fo as to become capable of be^acT 21 * 
melting lead, which is more than half way betwixt a fafikiently 
red heat and that of boiling water. Experiments with hot to melt 
the colipile mow alfo that it can be made red-hot ; !ca;l; 
for when the fteam pafTes through burning fuel, it can- 
D 






C II E M I S T R Y. 



Theory. 



133 

•nmi- 
tinti de- 



udc red hot. Dr Black 

water heated by throw - 
the afh-pii of a fur. .ace, fo as to produce a 

the \ ifon therefore to conclude, that 

uf the m< Sts of heat, only 

I ble of" it until they be re- 
duced t>> a ft . 
i;: \ . The l.nt of the effects of heat here to be taken 

' ./ on. It differs from ignition in 

. that the bodies fubjecl to the latter gradually grow 
< taken o.it of the lire, with- 
•■it undergoing any conliderable change ; while thofe 
fubj< immation become continually hotter and 

hotter, communicating a valt quantity of heat toothers, 
ami undergoing a kind of dccompolition themfelves, 
infomuch, that by this means they have beeen thought 
to be reduced to their conflituent principles or ele- 
ments. Some fubflances indeed feem to be an excep- 
tion to this, as in the open air they burn totally away, 
compounds w j t jj 0|1 j U\i\ ing any rcfiduuro or producing any foot. 
'. Thefe arc fpirit of wine, fulphur, and efpecially inflam- 
liodics. mablc air ; which laft, by a proper mixture with de- 
phlogifticated air, may be fo totally confirmed, that 
fcarce a fiftieth part of the two will remain. On a 
careful examination of thefe fubflances, however, we 
find that there is by no means a total confumption, or 
indeed, properly fpeaking, any confumption at all, at 
lealt if we meafure the quantity of matter by the weight 
of the fubftance employed. Thus, if we are at pains 
wan- yields to collect the vapour of burning fpirit of wine, we will 
a.v;r<.it find, that an aqueous dew is collected, which fome- 
vjuantiiy of rimes equals the fpirit of wine itfelf in weight. With 
■oy regard to fulphur, the cafe is flill more evident ; for 
the vapour of this, when collected, not only equals 
but greatly exceeds the weight of the fulphur employ- 
ed ; and o 1 burning dephlogifticated and inflam- 
mable air together, as much water is found to be pro- 
Waterpro- duced as nearly equals the weight of both airs. In 
'■)' like manner, when we collect the allies, water, foot, 
the ikda- a!U j () :] ? procured by burning any of the common in- 
stable fubflances, we will find, that they in ge- 
\"l*'nJ ncra ' exceed the weight of the matter employed. The 
tc of bodies by fire, therefore, is owing to the 
pation of the volatile principles they contain, which 
are carried off and rendered invilible by being mixed 
h the aim 

The procefs of inflammation has long been explain- 

< d from the prefence of a fubflance called Phiogijlen in 

ics which are fubject to it, and which is fup- 

.1 to be the fame in all bodies belonging to this 

tween them arifing from the 

h which it is combined. This doctrine, 

M. l.avoi- ,t introduced by Stahl, has given occa- 

to fuch various and difcordant theories, that the 

ifton has been lately denied altoge- 

er, who brought in a,new method 

\ fire, heat, and ignition, 

.nee from this principle. 

'.. Lavoilier's doctrine is the 
•1 metals by calcination. This in- 
n early fo, pro- 
the decreafe of weight in the air in 
His theory, the 
. of calcination, the pure part of th,< 
i 
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1 he call ■ r;.i prim 

In 
like manner, i 

red to pro< ecd from the union ol 
the p 1 nous principle, with th< 

fiance, and converting it into thole principles which 
arc found to remain alter inflammation. Thus the in« 
creafed weight of the fubftance is eafily accounted for ; 
while the inflammation, in his opinion, is nothing more 
than a combination of the inflammable body it- 
felf with pure air, which has an attraction foi 11 : 
and in confirmation of that it is urged, that whence m- 
buition is performed in empyreator dephlogifticated 
air, the whole of the latter is abforbed ; but in com- 
mon atmofpherical air only one-fourth, being the quan- 
tity of pure air contained in it. 

Other arguments in favour of this opinion are, that 
the calces of the perfect metal.-; may be reduced w ithout 
addition by the mere emillion of the oxygenous principle, 
(dephlogifticated air) ; by an union with which they af- 
lumc the form of a calx. Thus he evades a very 
ftrong argument ufed by the oppofite party ; who ad- 
duced, as a proof of the cxiftcncc of phlogifton, the 
ufe of charcoal in the reduction of metals to their pro- 
per form. A difpute indeed look place betwixt M. 
Lavoilier and Dr Prieftleyjconcerning the reduction of 
the whole of a mercurial calx formed by an union 
with the nitrous acid without addition; the Doctor 
maintaining that the whole could not be reduced by 
mere heat, but that a very perceptible quantity was 
always loft : but on a thorough examination of the 
fubject, the truth feemed rather to lie on M. Lavoi- 
fier's tide. See Aerology. 

Another theory, fomewhat fimilar to that of Lavoi- 
fier's, has been publilhed by Dr Lubbock, in an Inau- 
gural Diflertation in 1784. In this he fuppofes two 
kinds of matter to exift in the univerfe ; one he calls 
the principium proprium } the other the principium for- 
tile ; and it is this latter, v, Inch, according to our au- 
thor, is the principle of mutability, or which by be- 
ing united in various proportions with the other, forms 
bodies of all the different kinds we fee in nature. It 
is this principle, therefore, which he fuppofes to be ab- 
forbed in the calcination of metals, and not empyreal 
.. Lavoifier fuppofes ; and he contends, that 
this fame principle extends throughout the whole fy- 
ftem of nature, even to the utmoft celeftial bounds. 

It would exceed the limits of this treatife to give an 

account of the various theories which have been mvent- 

md the arguments ufed for and againft them ; nor 

any occafion for doing fo, as 1 

riments have reduced the difpute into a 

er compafs than before, and furniflied t 

in favour of the cxiftence 

The greateft to the belief 

neither b< 
fenfes directly, nor difcover itfelf i 

ht it Apnunicatec to the bodies wit 
"iiited; on {h< 

; ity contained : 
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General found to be no fubtile principle capable of eluding our 
Effects of refearches, but one very common, and eaiily met with, 
being no other than common charcoal. In the lall 
edition of this work, under the article Phlogiston, 
it was mown, that inflammable air, deprived of its ela- 
fticity, and combined with metallic fubftances, is real- 
ly their phlogiflon ; and that in the inflammable bo- 
dies commonly ufed, what we call their phlogiflon, 
is really their oil; and that which exifls in charcoal, and 
cannot be driven off by diftillation, is part of the em- 
pyreumatic or burnt oil of the fubject which adheres fo 
oWtinately. A limilar doctrine foon after appeared in 
the Philosophical Tranfactions for 1782, and the iden- 
tity of phlogiflon and inflammable air was clearly pro- 
ved by Mr Kirwan. Still, however, it was infilled by 
the French philofophers and others, that wo facts had 
been adduced againit M. Lavoilier, nor any deciflve 
this identi- proofs appeared of the exiflence of phlogiflon as a fub- 
D- 5 p V ^ft by ^- ance P er f s - Facia of this kind, however, 'have now 
1 ue " been difcovered by Dr Prieftley, and are related under 
the articles Aerology, Charcoal, Phlogiston, 
&c. It is fufRcient at prefeut to mention, that he 
has been able to convert the purefl fpirit of wine, 
and one of the hardeft metals, viz. copper, as well 
as feveral orhers, into a fubftance entirely refem- 
metals con- bling charcoal ; that by means of the heat of a burn- 
vertib e in- j n g g] a f s [ n vacLl o, he has diflipated this metallic char- 
148 ' coa ^ as well as the common kind, entirely intoinflam- 
Charcoal niable air, with the afliflance only of a little water, 
entirelydif- which feems neceflary to make it afllune the aerial 
fipated by form, and perhaps is the true folvent of it ; and by a 
heat into combination with the element of heat, with the aid of 
bl ™ ma ~ tne charcoal, is enabled to reflfl condenfation in the 
* See Elaf- common way.* This inflammable air, when abforbed by 
th Vapour, metallic calces, again reduces them to their metallic 
form : fo that here is one fact by which the phlogiflon 
not only appears to our fenfes, but we are able to af- 
certain its quantity with the utmofl preciflon. Nor can 
it here be any objection, that the reduced metal is 
lighter than the calx ; for this only proves that the 
metallic earth, while a calx, is united to a heavy ingre- 
dient (the bafis of dephlogifticated air), and in the 
latter to a light one, viz. charcoal, the balis of inflam- 
mable air. 

Another cafe in which the exiflence of phlogiflon 
is made equally evident to our fenfes, and where no 
fuch objection can occur, is related under the article 
Aerology, n° 112. It is there lhown, that " by the 
lofs of one grain of charcoal of copper (formed by the 
Dephlogif- U ni on f fpirit of wine with the metal), and which like 
r common charcoal was confumed without having any 
refiduum, he reduced four onnce-meafures of dephlo- 
gifticated air til! only one-ninth remained unabforbed 
by water ; and, again, with the lofs of one grain and a 
half of charcoal, fix and an half meafures of dephlogi- 
fticated air were reduced till five and an half meafures 
were pure fixed air." — Here, then, is an abfolute and 
iable evidence, that fixed air is compofed of de- 
phlogifticated air, and charcoal or phlogiflon, and ele- 
mentary lire. There were no other ingredients pre- 
fent, and the charcoal mult either have been annihila- 
ted or difpofed of in the manner jufl mentioned: but 
1 he firperior weight of the fixed air evidently fhows 
that lome ingredient had been added to the dephlogi- 
fticated air j and which increafe was more than we can 
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fuppofe to arife from the condenfation of the dephlo- General 
giiticated air during the operation, for this fometimes Effecls 01 
amounted to no more than one-thirtieth part. f" - cat " 

The ftrongeft objection which can be made againit ijz 
the doctrine of phlogiflon may be drawn from the to- Objections 
tal confumption of pure air in certain cafes of combu- drawnfrom 
ition, for inftance, in that of phofphorus, inflammable the tot *! 
air, andiron. It muft be obfervtd, however, that in ^j ^ e "j^ 
no cafe whatever is the air totally confumed ; and gifticated 
in that of inflammable air water is produced by the a ir in fume 
union of the bails of the latter, that is charcoal, cafes. 
with the bafis of dephlogifticated air, the oxygenous 
principle of M. Lavoiiier, and which appears to be 
one of the component parts of Water. In the cafe 
of phofphorus, the latter is converted into an acid ; 
and in all probability a quantity of water is alfo pro- 
duced, by which part of it is converted into cryftalline 153 
flowers. The cafe of the iron, therefore, alone re- Littlephlo- 
mains to be coniidered. Dr Prieftley's experiments g'fton ex- 
on this fubject are related at length under the article P ellcd from 
Aerology, n° 67 etftq. In them the iron burnt ™ a £* t C ~ 
brifkly in dephlogifticated air, which, according to j n dephlo* 
the common theory, fliould have indicated the expul- gifticated 
lion of a great quantity of phlogiflon ; yet the whole air. 
refiduum, of which the fixed air, produced by the fup- 
pofed union of the phlogiflon or principle of inflamma- 
bility, Was only a part, fcarce amounted fometimes to 
one-fourteenth of the air originally employed. Is , 

The argument, however, inflead of contradicting The objec- 
the exiflence of phlogiflon, only fhows, that in fome tion incon- 
cafes the difiipation of a very fmall quantity of phlo- clu fivc. 
giflon is neceflary to inflammation ; or that the aerial 
principle may combine with the iron in its metallic 
ftate. In this cafe only a very little quantity- of 
the phlogiflon of the iron was diflipated ; for it was 15S 
not reduced to a calx, but to that kind of fcorise Iron is not 
which flies off in fcales by beating the metal when reduced to 
red-hot with an hammer. A deciflve proof of this a c:il ! c ^y 
was had by uniting iron thus combined with the ^ ur j". n £ m 
bafis of dephlogifticated air with inflammable air. t icated S ai" 
By this the metal was indeed reduced to perfect i 5 6 
iron again ; but water was produced at the fame time Water pro- 
from the union of the bafis of the two airs, that of the ducedinthe 
inflammable air being capable of furni filing a fuperflu- recnj .5tion 
ous quantity, which united with the other into the ^ f " b V, n ~ 
form of a fluid. flammable 

The exiflence of phlogiflon being thus proved, and " I57 
its nature afcertained, we may now proceed to deter- Heat pro- 
mine the queflion, Whether the great quantity of heatduced in 
produced by the combuflion of inflammable bodies the 5 om " 
proceeds from the bodies thcmfelves, or from the air ^ u ^ l0T1 of 

which muft be admitted to them in order to make them 1 1 a u T- a " 
, , _,. . . ... r - ble bodies 

burn? That the heat in this cafe proceeds from d er j ve d 

the atmofphere is evident; becaufe in all cafes of from the 
combuflion there is a certain diminution undoubted- air. 
ly takes place by means of the converiion of the de- 
phlogifticated part of the atmofphere into fixed air. 
It is proved, under the article Elastic Vapours, that 
elementary fire is the univerfal caufe vf elafticity in 
fluids. By uniting a certain quantity of it with any 
fubftance, the latter at .length aflumes an aerial or va- 
porous form ; and it is this vapour alone which is in- 
flammable*. Different vapours no doubt contain dif- * See-the 
fercnt quantities of thefe ingredients ; but in all cafes article 
the bails of the dephlogifticated part of the atmofphere ^ lame - 
D 2 muft 
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a great quantity of phlogifton, and con- 
nly much fixed air produced, the latter abforbs 
■ in a latent ftatc, that the quantity 
to furrounding bodies mufl be greatly 
lj and if an excels of this ingredient, not 
,ixed air, but the phlogiflicatcd kind and grofs 
be alio produced, this diminilhes the heat flill 
er by the great abforption, and will even deflroy 
it altogether. The remedy for this is either to dimi- 
nish the quantity of phlogiflon, or to augment the 
quantity of air ; which, by furnifhing a greater quan- 
■ of dephlogifticated balls, affords an opportunity 
r the evolution of a greater quantity of heat. On 
y the other hand, when the quantity of air is too great, Sect. 
the phlogiflic matter cannot combine with the balls of 
tlu pure air in fufficient quantity to effect a decompo- 
fition ; and therefore the heat is abforbed in a latent 
Hate, and the fire goes out. 

From this theory, which is farther illuftrated under 
the articles Fire, Flame, Heat, Phlogiston, &c. 
w e may not only have a rational idea of the manner in 
which inflammation is generally accomplilhcd, but fee 
why a fire may be put out both by too great a quan- 
tity of fuel, and by too gnat a quantity of air. We 
may alio fee why the folar beams and electric fluid, 
:U1 ' !l '" lt °'-m huh contain no phlogiflic matter, excite a much 
e powerful heat than any we can raife in our hot- 
ted; furnaces. The difference between ignition and 
inflammation will now likewife appear; fucli bodies 
( capable only of ignition containing little or no 
;iilon, but inflammable bodies a great deal. 
The following table (hows the molt remarkable de- 
of heat from the congelation of mercury to that 
wood's hottcft furnace. 
Mercury freezes at - - 40 

Weak fpirit of wine 32 

Brandy at ... 10 

Cold produced by fnow and fait mixed o 

Strong wine freezes at - 20 

Yinegar freezes at - - 27 

Water freezes at - - 32 

I ( mperature of fpring and autumn 50 

Ordinary fummer weather - 65 

Sultry heat - - - 75 

Heat of human blood - 97 to 100 

1 rifli heat - - - 108 

Bees wax melts - - - 142 

ites ... 156 

Spirit of wine boils - - 174 

:er boils ... 212 

cits - - - 4°8 

Bifmuth melts - - 460 

Oil of vitriol boils - - 550 

Oil of turpentine boils - 561 

Lead melts - - 535 

cklilver and linfeed-oil boil - 600 

begins to fhine in the dark - 635 

Iron mines brifkly in the dark - 75o 

Iron twilight - 884 
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Iron red-hot from .. 1 fire 

Red heal rally vifible in daj 

cording to Mr v. < 
Heat by which his enamel coloui 

burnt on 

melts ... 

difh copper melts 

Fine lilver melts 

Fine gold melts 

Leaft welding heat of iron 

Greatest ditto 

Greatefl heat of a common fmith's 
forge ... 

Caft iron melts 

Greatefl heat of Wedge wood's final 1 
air-furnace ... 

Extremity of the fcale of his thermo- 
meter ... 
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II. Of the Doftrine of Elective sJitvattion, and 
of the different Qbjefts of Chemijlry. 
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Before wc proceed to give a general theory of the Chemical 
changes which happen upon the mixtures of different attraction, 
bodies together, or cxpoling them fingly to heat, wc 
mufl obferve, that all depend on certain qualities 
in bodies, by which fome of them are apt to join 
together, and to remain united while they have an op- 
portunity. The caufe of thefe qualities is totally un- 
known ; and therefore philofophers, after the example 
of Sir Ifaac Newton, have expreffed the apparent ef- 
fect of this unknown caufe by the word attraction. 
From them the word has been adopted by the chc- 
mifts, and is now generally ufed in fpeal.ing of the 
phenomena which are obferved in the mixture of dif- 
ferent fnbftances ; but to diftinguifh it from other kinds, 
it is ufually called Elective. 

This attraction is not equally ftrong between all fnb- 
ftances ; in confeqnence of which, if any body is com- 
pounded of two others, and another is prefented to it 
w^hich has a greater attraction for one of the compo- 
nent parts than they have for one another, the fub- 
ftance will be decompoundgd. A new compound is then 
formed by the union of that third fubftance with one of 
the component parts or elements (if w^e pleafe to call 
them fo) of the firft. If the attraction between the 
body fuperadded and cither of the component parts of 
the other is not fo ftrong as that between themfelvcs, 
no decompofition will enfue ; or if the third fubftance 
is attracted by both the others, a new compofition will 
take place by the union of all the three. yg« 

The objects of chemiftry, as we have already ob- ObjeAt of 
ferved, are fo various, that an enumeration of them chemiftry 
all is impoffible. To cafe the mind, therefore, when how dlf " 
fpeaking of them, and render more ufeful any thing ftd * 
that is faid or wrote on chemiftry, it is neceffary to 
divide them into different clafTes, comprehending in 
each clafs thofe bodies which have the greateft refem- 
blance to one another, and to which one common rule 
applies pretty generally. — The divif.on formerly ufed, 
was that of vegetables, animals, and minerals ; but 
this has been thought improper, as tin many 

fubftance:; in each of thofe kingdoms which differ \ ery 

■ from one another, and which are by 
fubject to the fame lav.o. The moil approved me- 
thod, 
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Salts, thod, at pvefent, of arranging the objects of chemiftry, 

">- — J ' is into falts, earths, metals, inflammable fubftances, 

waters, animal and vegetable fubftances. 

Sect. III. Salts. 

Salts. Salts arc either fuftbls, that is, capable of abiding 

the iire, and melting in a ftrong heat, without being 
diflipatcd ; or volatile, that is, being difperfed in va- 
pour with a fmall heat. Their other properties are, 
that they are foluble in water: not inflammable, unlefs 
by certain additions ; and give a fenfation of tafte 
when applied to the tongue. 

The molt general character iftic of falts is, that they 
are all foluble in water, though fome of them with much 
more difficulty than others. Moll of them have like- 
wife the property of forming themfelves, in certain 
circumftances, into fblid tranfparent mafles of regular 
figures, different according to the different fait made 
ufe of, and which are termed cryjlals of that fait. In 
this ftate they always contain a quantity of water ; and 
therefore the utmoft degree of purity in which a fait 
can be procured, is when it has been well cryftallized, 
and the cryftals are freed of their fuperfluous moiiture 
by a gentle heat. They generally appear then in the 
, form of a white powder. 
Phenome- In tne Solution of falts in water, the firft thing ob- 
na attend- fervable is, that the water parts with the air contain- 
ingtheirfo- ed in it ; which immediately rifes to the top in the 
lution. form of bubbles. This, however, is molt remarkable 
when the fait is in the dry form we have jaft now men- 
tioned, becaufe there is always a quantity of air en- 
tangled among the interflices of the powder, which ri- 
fes along with the reft ; and this difcharge of air is 
fometimes fo great, as to be miftaken for an effervef- 
cence. From this, however, it is eflentially different. 
See Effervescence. 

Another thing obfervable in the folution of falts is, 
that a confiderable change happens in the temperature 
of the water in which they are diflblved ; the mixture 
becoming either a good deal warmer or colder than ei- 
ther the fait or the water were before. In general, 
however, there is an increafe of cold, and fcarce any 
fait produces heat, except when it has been made 
very dry, and deprived of that moiiture which it na- 
turally requires ; and thus the heating of falts by be- 
ing mixed with water maybe explained on the fame 
principle with the heat produced by quicklime. See 
Quicklime. 

""After fait has been diflblved in a certain quantity 
by water, no more of that fait will be taken up unlefs 
the water is heated ; and as long as the heat continues 
' to increafe, the fait will be diflblved. When the wa- 
ter boils, at which time it has attained its greateft 
heat, and will take up no more fait, it is then faid to 
befaturated with that fait. This, however, does not 
prevent it from taking up a certain quantity of another 
fait, and after that perhaps of a third, or fourth, with- 
out letting go any of the firft which it had diflblved. 
How far this property of water extends, has not yet 
been afcertained by experiments. 

To the above rule there is only one exception 
known as yet; namely, common fca-falt : for water 
diflblves it in the very fame quantity when cold as 
when boiling hot. It has been faid by fome, that all 
deliquefcent falts, or thofe which grow moilt on being 
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expofed to the air, had the fame property: but this is 
found to be a miftake. 

This property of folubility, which all the falts pof- Mix " t " 
fefs in common, renders them ealily mifcible together ; an( j f t p ar a- 
and the property by which molt of them flioot in- tion of falw 
to cryftals, renders thofe eafdy feparable again which 
have no particular attraction for one another. This is 
likewife rendered ftill more eafy by their requiring 
different proportions of water, and different degrees 
of heat, to fufpend them ; for by this they cryftallize 
at different times, and we have not the trouble of 
picking the cryftals of one out among thofe of the 
other. 167 

The manner in which the folution of falts in water Hypothecs 
is effected, is equally unaccountable with molt of the concerning; 
other operations of nature. Sir Ifaac Newton fup- thefolution 
pofed that the particles of water got between thofe 
of the fait, and arranged them all at an equal diftance 
from one another : and from this he alfo accounts for 
the regular figures they afliime on paffing into a cry- 
ftalline form ; becaufe, having been once arranged in 
an orderly manner, they could not come together in 
diforder, unlefs fomething was to difturb the water in 
which they were fufpended ; and if any fuch difturb- 
ance is given, we find the cryftals are by no means fo 
regular as otherwife they would have proved. Others 
have thought that thefe figures depend on a certain po- 
larity in the very fmall particles into which the fait is 
refolved when in a ftate of folution. Thefe things, 
however, are merely conjectural ; neither is it a matter 
of any confequence to a chemift'whether they are right 
or wrong. 

Though folution is that operation which falts un- Salts de- 
dergo the molt eafily, and which fhonld feem to affect ftnj&ible 
them the leaft of any, a repetition of it proves never- by repeated 
thelefs very injurious to them, efpecially if it is fol- folutlons - 
lowed by quick evaporation ; and the fait, inftead of 
being cryltallized, is dried with a pretty ftrong heat. 
Newman relates, that a pound of fea-falt was reduced, 
by 13 folutions and exficcations, to half an ounce; and 
even that was moftly earth. Where folution is requi- 
red, therefore, it ought always to be done in clofe vef- 
fels, in which alfo the fubfequent evaporation fliould 
be performed, (fee Evaporation); and in all cafes 
where cryftallization is practicable, it ought to be pre- 
ferred to violent exficcation. 

The two great divifions of falts are into acids and 
alkalies. The former of thefe are known by their pecu- 
liar tafte, which is called acid ox Jour. They are not 
found in a folid form ; neither are any of them, except 
the acids of vitriol, of tartar, of phofphorus, and of 
borax, capable of being reduced to folidity. The o- 
thers, when highly concentrated, that is, brought to 
the utmoft degree of ftrength of which they are ca- 
pable, alwaysbecome an invifible vapour, permanently 
elaftic, until it comes in contact with water, or fome 
other fubftance with which they are capable of uni- 
ting. For fuch acids the name of falts feems lefs pro- 
per, as we can fcarcely fay that a vapour, which is al- 
ready much more fluid than water, can be diffolved in 
that element. 

The acids are divided into the mineral, the vege- 
table, and the animal ; exprefflng their different ori- 
gin, or where they are moft commonly to be found. 
The mineral acids are commonly reckoned three ; the 

xi- 
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Lie, the aiti ad the marine. To this the 

be added , 
inak.es it much 

\ Swediih chemift, however, Mr Schcclc, 
hath lately add. which arc afterwards 

taken notice of. 

The vegetable kingdom affords only two diflinct fpc- 
. ai leaft without the alii Tome 

chemical operation. The one appears fluid, and when 
i the utmoft degree becomes an inviliblc 
vapour. This is produced from fermented liquors, 
the name of vinegar. An acid limilar to this, 
and which is thought not to be eifentially different from 
it, is extracted from molt vegetables by diflillation 
with a ftrong fire. The other is likewife ao 
quence of fermentation ; and emits on the bottom 
and lides of caiks in which wine is put to depurate 
itfelf. In its crude ftate it is called tartar ; and when 
afterwards purified, is called the cream, or cryftals, of 
tartar. As for the various acids produced in the dif- 
ferent chemical procelles to be afterwards related, we 
forbear to mention them at prefent, it being juitly 
fufpected that fome of them are artificial. 

The animal acids, which have hitherto been disco- 
vered, are only two ; the acid of ants, and that of 
urine, which is alio the arid of phofphorus. The firft 
of thefe is volatile ; and confequently mult be fuppofed 
.1 vapour when in its itrongeft itatc : the other is ex- 
ceedingly lixed ; and will rather melt into glafs than 
rife in vapours. Betides thefe, it is laid an acid is con- 
tained in blood, in wafps, bees, &c. : but no experi- 
ments have as yet been made on thefe to determine 
this matter with any degree of precilion. 

The alkalies are of two kinds ; lixed and volatile. 
The fixed kind are fubdivided into two; the \ 
table, and mineral or foliil alkali. The vegetable is 
lb called, becaufe it is procured from the allies of burnt 
vegetables; the follile, becaufe it is found native in 
fome places of the earth, and is thebalis of fea-falt, 
which in fome places is dugout of mines in vail quan- 
tity. They are called fixed, becaufe they endure a 
very intenfe degree of heat without being dillipated in 
tr, (o as even to form a part of the compofition 
oi glafs. The volatile alkali is generally obtained by 
diflillation from animal fubltances. In its pure ftate 
this alkali is perfectly invilible ; but affects the fenfe 
of fmelling to fuch a degree, as not to be approached 
with fafcty. 

The acids and alkalies are generally thought to be 
entirely oppoiite in their natures to one another. 
alkalies and Some, however, imagine them to be extremely fimi- 
acids i arj an j t0 be as it were parts of one fubftance vio- 

lently taken from each ether. Certain ic is, that 

irated, they appear as oppoiite to one another as 
heat and cold. Their oppoiite action indeed \ cry much 
rcfembles that of heat and cold, even when applied to 
the tongue; for the alkali has a hot, bitter, burning 

, while the acid, if not t 
alw. ration of c In their action 

too upon animal fill • the alkali diilblves, and 

reduces tl a mucilage ; while the acid, if not 

much con A, tends to prcferveit uncor- 

ruptcd. 
j^. a alkaline fait, and m rrongacid in a 

..ed together, they will immediately 
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unite ; and, provided the alkali Ins not been depri- 
ved of its I <n will be attended with 
a very cor ttltrvcfccr.ee: ffe< ■ \.) 
If the alkali has been dep rvcfcencc 
will enfue, but they will quietly mix together ; but 
if a due proportion of each has been added, the li- 
quor will neither have the properties of an acid nor 
an alkali, but w ill be what is called neutral. The bring- 
ing the liquor into this ftate, is < 
acid or alkali, or combining them lo the point of fa- 
turation. 

If the liquor after fuch a faturation be gently eva- 
porated, afaline mafs will be left, which is neither an 
acid nor an alkali, but a new compound formed by 
the union of the two, and w hich is called df>:rj\\'i- neu- 
tral fait. The epithet per/ et~l is given it, to make a 
diilinction between the falts formed by the union of 
an acid and an alkali, and thole formed by the union 
ofacids, with earthy or metallic fubltances ; for thefe will 
likewife unite with acids, and fome of the compounds 
will cryitallizeinto regular figures ; but, becaufe of their 
weaker union with thefe fubltances, the falts rcfulting 
from combinations of this kind are called imperfecl. 

All acids, the volatile fidphureous one excepted, 
change the blue infufions of vegetables, fuch as vio- 
lets, to a red ; and alkalies, as well as fome of the 
imperfect neutrals, change them to green. This is the 
niceft tell of an acid or alkali abounding in any fub- 
ftance, andfeems the moft proper method of determi- 
ning whether a iblution intended to be neutral really 
is lb or not. 

Though between every acid and alkali there is a 
very ftrong attraction, yet this is far from being the 
fame in all ; neither is it the fame between the fame 
acid and alkali in different circumftances of the acid. 
When the acids are in a liquid ftate, and as free as 
poihble of inflammable matter, between which and 
the nitrous and vitriolic acids there is a very ftrong 
attraction, the vitriolic will expel any of the reft 
from an alkaline balis, and take its place. Thus, if 
you combine the acid of fea-falt, or marine acid, lo 
the point of faturation, with the foffil alkali, a neu- 
tral fait will be formed, which has every property of 
common fait : but, if you pour on a certain propor- 
tion of the vitriolic acid, the acid of fea-falt will im- 
mediately be expelled ; and the liquor, upon being e- 
vaporated, will contain not the neutral fait formed by 
an union of the marine acid with the alkali, but ano- 
ther confuting of the vitriolic acid joined with that al- 
kali, and which has quite different properties from the 
former. 

When the acids and alkalies are applied to one ano- 
ther in a liquid ftate, the vitriolic acid always fhow s 
itfelf to be the molt powerful; but when applied in a 
folid form, and urged with a violent heat, the cafe is 
very much altered. Thus, the acid of borax, com- 
monly called fa/ fedativus, is fo weak as to be difen- 
d from its balis by every acid applied in a liquid 
form, that of tartar alone excepted; but if even the 
vitriolic acid combined with an alkali be mixed with 
this weak acid, then exlkcated, and at lait urged 
with a vehement fire, the vitriolic acid will be difen- 

i from its balis, and rife in vapours, 1 ( , 
Die weaker acid in pofenlon of the alkali. The fame 
pens on adding the phofphorine or urinous 
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acid, or the acid of arfenic, &c. to combinations of 
the vitriolic or other acids with alkaline falts. — When 
the acids are in a liquid ftate, therefore the moit power- 
ful is the vitriolic ; next the nitrous ; then the ma- 
rine ; then vinegar ; acid of ants ; and laftly the fal 
fedativus and tartar, which feem to be nearly equal in 
this refpect. — If they are applied in a folid form, the 
moll powerful are the fal ledativus and phofphorjne 
acid ; then the vitriolic, nitrous, marine, and vegetable 
acids. 

When they arc reduced to vapour, the cafe is ex- 
ceedingly different ; for then the marine acid appears 
to be the molt powerful, and the vitriolic the leaft fo 
of any. It is impofiible, however, to preferve the 
vitriolic acid in the form of vapour, without combin- 
ing it with a certain quantity of inflammable matter, 
which muft neceflarily deftroy itsftrength. Dr Prieft- 
ley found, that the marine acid, when reduced to va- 
pour, was capable of difuniting the nitrous acid from 
a fixed alkali. 

Though the vitriolic acid fometimes affumes a folid 
form, it is by no means eafy to reduce it to this ftate 
by mere concentration, without the affiftance of ni- 
trous acid. Baldafart, however, pretends that he 
difcovered, in the neighbourhood of a volcano, a pure 
and icy oil of vitriol, from which nothing could be 
precipitated by alkaline falts ; though there is cer- 
tainly very great reafon to doubt the accuracy of this 
obfervation. Of late the nitrous acid has alfo been 
found capable of affirming a folid form. This was 
firft obferved by M. Bernhard in diftilling a very large 
quantity of the acid. At that lime he perceived a 
white fait adhering to the infideof the receiver, which 
on examination proved to be the acid of nitre in a con- 
crete form ; being extremely corrofive, emitting red 
vapours copioufly on being expofed to the air, and at 
length totally evaporating in it. Its fpeciflc gravity, 
however, was far inferior to that of the glacial oil of 
vitriol. 

The acids have the property of uniting themfelves 
to many other fubftances befides fixed alkalies, and 
forming neutral compounds with them. Of thefe 
the chief is the principle of inflammability or phlo- 
gifton. In the vitriolic, nitrous, and phofphorine a- 
cids, the attraction for this principle is very ftrong ; 
fo great, that the two former will even leave a fixed 
alkali to unite with it. In the marine acid it is lefs 
perceptible ; in the liquid vegetable or animal acid 
ftill lefs ; and in the acid of tartar, and fal fedativus, 
not at all. 

Belides this, all acids will difTolve metallic and ear- 
thy fubftances : with thefe, however, they do not in 
general unite fo firmly with alkaline falts ; nor do they 
unite fo ftrongly with metals as with earths. 

In general, therefore, we may expect, that after ha- 
ving dillblved a metal in any acid whatever, if we add 
au earthy fubftan( c to that folution, the acid will quit 
the metal, which it had before dillblved, to unite with 
the earth. In this cafe the folution will not be clear 
as before, bat will remain muddy, and a quantity of 
powder will fall to the bottom. This powder is the 
metalline fnbftance itfelf, but deprived of one of its 
component parts ; and in this cafe it is laid to precipitate 
in the form of a calx. 

If to this new folution of the earthy fnbftance in an 
acid liquor, a volatile alkaline fait, not deprived of its 
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fixed air, is added, the acid will quit the earth, and 
unite wi th the alkaline fait. The earth thus dif- "" 
engaged will again precipitate, and lie at the bottom in 
fine powder, while the volatile alkali and acid re- 
main combined together, and the liquor again becomes 
clear. 

The attraction between volatile alkalies and acids is 
confiderably lefs than between fixed alkalies and the- 
fame acids. If, therefore, a fixed alkali be now add- 
ed to the liquor, the volatile alkali will be feparated, 
and the acid will unite with the fixed alkali. The vo- 
latile alkali indeed, being perfectly foluble in water, 
cannot precipitate, but will difcover its feparation by 
the pungent fmell of the mixture ; and upon evapora- 
ting the liquor, the volatile alkali will be diffipated, and 
a faline mafs, confifting of the acid and fixed alkali, 
will remain. X yg 

Laftly, If the acid employed was the nitrous, which Detonation 
has a ftrong attraction for the principle of inflamma- of nitre, 
bility, if the faline mafs be mixed with a proper 
quantity of inflammable matter, and expofed to a 
ftrong heat, the acid will leave the alkali with vail ra- 
pidity, combine with the inflammable matter, and be 
deftroyed in flame in a moment, leaving the alkali quite 
pure. i 79 

Though the abovementioned effects generally hap- Exceptions 
pen, yet we are not to expect that they will invari- totheabov^ 
ably prove the fame whatever acid is made ufe of; rules * 
or even that they will be the fame in all pofhble va- 
riety of circumftances in which the fame acid can be 
ufed. — The acid of tartar is one exception, where the 
general rule is in a manner reverfed ; for this acid will 
quit a fixed alkali for an earth, efpecially if calcined, 
and even for iron. If lead, mercury or filver, are dif- 
folved in the nitrous acid, and a fmall quantity of the 
marine acid is added, it will feparate the ftronger ni- 
trous acid, and fall to the bottom with the metals in 
form of a white powder — The vitriolic acid, by it- 
felf, has a greater attraction for earthy fubftances 
than for metals ; and greater ftill for fixed alkaline 
falts than for either of thefe : but if qnickfilver is dif- 
folved in the nitrous acid, and this folution is poured 
into a combination of vitriolic acid with fixed alkali, 
the vitriolic acid will quit the alkali to unite with the 
qnickfilver. Yet qnickfilver by itfelf cannot eafily be 
united with this acid. The reafon of all thefe anoma- 
lies, however, is fully explained in the following fec- 
tion. 

^ 1 . Of the Operations of Solution and Precipitatic;:. 

The chemical folution of folid bodies in acid or other 
menftrua, is a phenomenon which, though our familia- 
rity with it has now ? taken off our furprife, muft un- 
doubtedly have occaiioned the greateft admiration and 
altonilhment in thefe who firft obferved it. It would 
far exceed the limits of this treatife to fpeak particu- 
larly of all the various circumftances attending the 
folution of different fubftances in every pofhble men- 
ftruum. The following are the moil remarkable, col- 
lected from Mr Bergman's Diffcrtion on Metallic 
Precipitates. x g . 

1. On putting a fmall piece of metal into any acid, Phcnome- 
it is dillblved fometimeswith violence, fometimes p-ent- »a atten- 
ly, according to the nature of the menftruum and of din £ the 
the metal to be dillblved. folution 

2. The nitrous acid is the moft powerful in its ac- a aicU 

tion 
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.. ith which ihi: 

, , that the metal, in. 

illy from it in the form of" a 
any menftruum, at 
e, and no 
i: lil '. : the mixture, render it abfoi. 

..te the action of the menftn 
cither by dilution or cold, or both. In other < 
however, as when put to gold or platina, the ni- 
: has no effect until it be united with the ma- 
, when the mixture acts upon thofe metals, which 
jgj I:- the acids liugly would touch. 

iolic The action of the vitriolic acid, though in the 

t degree of concentration, is more weak. It does 
■aareweak- not readily attack Giver or mercury unlefs ailifted by 
*T' a boiling heat, nor will even that be Sufficient to make 

it act upon gold or platina. 
Marine a- 4. The action of marine acid, unlefs on fome particu- 
ri1 " lar fubftances, is ftill more weak ; but when dephlo- 
^ gilticated, or deprived of part of the phlogifton etfential 
cither e\- t0 us conftitution as an acid, it acts much more power- 
when fully, anddiflblves all the metals completely. 
dephlogifti- 5. The other acids, as thofe of iiuor, borax, with 
cated. fuch as arc obtained from the anim.il and veg 

l %* . kingdoms, are much inferior in their powers as fol- 
' vents, unlefs in very few inftances. 
much **' Metals vary very much in their degrees of folu- 

wcakerftill. bility ; fome yielding to almolt evety menftruum, and 
185 others, as has been already obferved, being fcarce ac- 
DhTerent ted upon by the molt powerful. 

"*"' 7. I iron are of the former kind, and gold 

foluhilityin aml Q vet f ^ \- mcVf eluding the marine ; and gold, 

' jg^ unlefs in one particular cafe, viz. « hen aflifted by heat 
Solution in. a dole veiled, the action of the nitrious acid alfo. 

fometimes Thefe metals, however, which in their perfect ftate re- 
promoted hit (.he action of the molt powerful menftrua, may be 
by aburac- diftblved much more readily when deprived of a cer- 
1 ccr " tain quantity of their inflammable principle. But 
portion of though the feparatkra of this principle in fome degree 
phlogifton. renders metals more foluble, the abstraction of too much 

187 of it, particularly in the cafe of iron and tin, renders 
INit is to- thefe metals almoft entirely infoluble. Manganefeis the 
tally pro- mo fl. remarkable inftance of this power of the phlo- 
ventedby gtffc c principle, in depriving metals of their folubility 
vav too by ' ts a hfence, or reftoring it to them by its prefence; 
much : for this fubltance, when reduced to blacknefs, cannot 
exemplified be diffolvcd by any acid without tlie addition of 
in manga- fome inflammable matter; but when by the addition of 
r.ti'c. phlogifton it has become white, may be diffolvcd in 

jgg any acid. 
Solution of 8. The diffolution of metals by acids, even to their 
metals at- very lilt particle, is attended by a vifiblceffervefcence : 
tended this is more perceptible according to the quicknefs of 
■with ancf- t ] lc folution ; b.it more obfeare, and fcarcely to be feen 
fervef- a£ ^ w hen the folution pr< 

9. The cliftic fluids extricated by thefe folutions 
Various are various, according to the nature of the acid and of 
kin di ofe- the metal employed. With the nitrous the fluid pro- 
Uftk flaidi that called nitrous ."/-; with vitrio- 
ls the produce is fometimes ii 

recording to the na- 
ipon. 
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o\ metal, and when the folutior ° n ' . 

-ery (lowly, the temperature of themafs is fcarce- 

190 
1 1 . The calces of metal.; cither yield no air at all, Heat pro- 
of only the aerial acid, unlefs when urged by a violent duced du- 
heat almolt to ignition ; when, by means of vitriolic or ringtha 
nitrous acid, tliey yield a quantity of pure air, after d ' fiol,n ' 011 
other elaltic fluids, fuch as vitriolic, nitrous, or phlo- ° 
gilticated air. None of the dephlogifticated air is Little air 
ufually produced by the marine acid in conjunction can 1 
with metallic calces. tamed from 

[2. The folutions of fome metals arc coloured, 0- metali 
thers are not. The colour of the former is only that when caI - 
which is proper to the calx, but rendered more vivid u c " 
by the moiiture. Thus folutions of gold and platina various 
arc yellow ; thole of copper, blue or green ; folutions colours of 
of nickel of a bright green ; but thofe of cobalt are metallic 
red, although the calx is black. We may obferve that calces. 
even this red colour may be heightened to blacknefs. 
Iron moderately calcined is green ; but this rarely con- 
tinues upon further dephlogiltication. The white 
calces of filver, lead, tin, bilmuth, arfenic, antimony, 
and manganefe, are diffolvcd without colour ; but fo- 
lutions of lead, tin, and antimony, are fomewhat yel- 
low, unlefs fufficiently diluted. Mercury, how ever, 
forms a lingular exception to this rule ; for the orange- 
coloured calx of this metal forms a colourlefs fointion. 
The metals yielding coloured folutions are gold, pla- 
tina, copper, iron, tin, nickel, and cobalt ; the reft, if 
properly depurated, give no tinge. A folution of fil- 
ver is fometimes of a blue or green colour at firlt, al- 
though there be no copper prefent ; the vitriolic acid 
becomes blue with copper ; the nitrous may be made 
cither blue or green at pleafure ; the marine varies ac- 
cording to the quantity of water with which it is di- 
luted. Manganefe, when too much dephlogifticated, 
renders both the vitriolic and marine acids purple. I0 . 

With regard to the caufeof chemical folutions, our Bergman'i 
author obferves, that though attraction muft be look- account of 
ed upon as the fundamental caufe, yet we may alfo triC caufeof 
lay it down as a maxim, thai no metal can be taken chemical 
up by an acid, and at the fame timepreferve the whole » ohttio11, 
quantity of phlogifton which was neceflary to it in its 
metallic itate. A certain proportion of the principle of c i J ? 4 

• ,: i ••• l r i /• i . r Solution 

liiHammabitity therefore maybe confidercd as an ob- impeded by 
ftacle which mult be removed before a folution can too great a 
take place. Thus, of all the acids, the nitrous attracts quantity of 
phlogifton the molt powerfully, and feparates it even phlogifton. 
from the vitriolic. A proof of this may be had by Ij 9 
boiling fulphur (lowly in concentrated nitrous acid, j" fj'f 
At length all its phlogifton may be feparated, and the ticatcdHy 

lie acid will remain, deprived of its principle of nitrous 
inflammability. The extraordinary lolvent powers of acid, 
this acid, therefore, is conformed to the peculiarity of 
its nature in this refpect. For this nenftruum dill 

Is for folution with the grcatcft cafe, moft com- 196 
monly without any affiftance from external heat ; w hich Cakei of 
in fome inftances would be hurtful, by feparating too icme mcJ > 
much of phlogifton, as appears in the c: tin a!s P rc P a ; 

and antimony ; all of which may befo I .' rtd L >" '.•" 

111' -i 1" 1 trous acid 

cated by tl acid, as robe 1 1 mely a ]m n, ■ 

difficult of folution : for this reafon i; often foluble e- 

neceflary. been obfervei' r the vcr aftcr- 
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activity of this menftruum by water. The vitriolic 
acid requires a boiling heat before it can act upon fiT- 
ver or mercury. The reafon of this is, that by means 
of the heat, the watery part of the menftruum is dimi- 
nished, its power is thereby increafed, and the conncc- 
vitriolic a- tion of the metallic earths with the inflammable prin- 
cid canuot C I pie diminimed. Marine acid, which contains phlo- 
gifton as one of its conftituent principles, mult necef- 
farily have little or no effect on thofc metals which re- 
tain their principle of inflammability very obflinately. 
But its watery part being diminimed by boiling, it 
allumcs an aerial form, and powerfully attracts a lar- 
ger quantity of phlogifton than before ; fo that in a va- 
Why ma. p orous ft aCc [ t w [\\ diffolve metals, particularly filver 
aclson 1 anc * mercury, which in its liquid form it would fcarce 
fome me- be brought to touch. When dephlogifticated as much 
talsaiidnot as poflible, it attracts phlogifton with prodigious avi- 
on others, dity, diffolving all metals by its attraction for their 
phlogifton, and, uniting the inflammable principle to 
itfelf, refumes the ordinary form of marine acid. When 
dephlogifticated by means of nitrous acid in aqua re- 
gis, it diflblves gold and platina. On the fame prin- 
ciples may we account for its inferiority in power to 
159 the other acids. 
Why fome It has already been obferved that the metals differ 
metals are much in their degrees of folubility, which is owing to 
the various, degrees of force with which they retain 
their phlogifton. Thofe called perfect metals effec- 
tually refift calcination in the dry way. In this opera- 
tion, the fire on the one hand, the great caufe of the 
volatility of bodies, ftrenuoufly endeavours to expel the 
phlogifton; on the other hand, the bafis of the dephlo- 
giflicated part of the atmofphere (the acidifying prin- 
ciple of M. Lavoifier, and the principium forbile of Dr 
Lubbock) attracts the calx ftrongly. Experience, 
however, Ihows, that thefe two forces united, cannot 
decompofe gold, filver, or platina to any confiderable 
degree. All the other metals yield to thefe forces 
when united, but not fingly. Iron and zinc retain 
their inflammable principle fo nightly, that any acid 
immediately acts upon them ; but if the other metals be 
properly prepared for folution by being calcined to a 
certain degree, the acid will immediately takethei 
Any further privation, however, would be injurious, 
and precipitate what was before dillblved. Thus the 
precipitates n j trot]S aci j wnen ac |ded to a folution of tin or anti- 

a iolution . ' . .... ,. _ . 

of tin or mony in marine acid, by its extraordinary attraction 
for phlogifton carries off fuch a quantity of it, that 
the calces of the metals are immediately precipitated. 

The various elaftic fluids which refemble air, and 
which are produced in plenty during the diffolution of 
metals, may be reduced to the following, viz. thofi 
tricated by the vitriolic, nitrous, and marine acids, 
flaoracid, vinegar, alkaline falts, andheparfulphuris. 
Pure vitriolic acid expofed to a violent heat, is in- 
deed refolved into vapours, but of fuch a nature, that 
when the heat is hey condenfe again into 

cid liquor of the fane nature as before, Bui : » any 
ie reduced fubftance be added which contains phlogiftori in a fe- 
into an ae- parable fttte, an elaftic fluid \$ produced b] n 1 ans of 
rial form fire, wfcich is fcarcelj condenfiblebythem xtreme 
but by a co ug unlefs it 1 at' This is 

eombma- ( . ig .^-^ or , ; £olic acid 

phlonfUn. air ' Wft * c k ma y b( ,£ [i y abforbed by \ ' ■ this 

' cafe the bond of union betwixt it and the phlogifton 
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is fo weak, that the latter fooii flies off totally, and Solution _ 
common vitriolic acid is regenerated. an(1 Preri- 

The nitrous acid undergoes a fimilar change in a P ltatl °"» t 
more obvious manner. Let a piece of filver, for in- 203 
fiance be put into a dilute nitrous acid, and the fur- Nitrous a- 
face of the metal will inftantly be covered with in- cid more 
numerable bubbles, which arifuig to the top of the li- o^iouQy 
quor, there burflj and if collected, are found to be in- chan 8 c • 
trous air. The nitrous a ites itfelf with phlo- V/J ni _ 

giflon more completely than the vitriolic; therefore trous air 
the elaftic fluid produced, or nitrous air, does not unite does not u- 
with water, and fcarce retains any veftige of an acid nite with 
nature. The vitriolic acid, however, differs from the watcr « 
nitrous in this refpect, that the phlogifton is abforbed 
by the latter even beyond the point neceflary to obli- 
terate its acid nature. In proof of this, our author 
adduces the decompofition of hepatic by means of ni- 
trous air. 205 

The marine acid exhibits different phenomena. Phenome- 
It naturally contains phlogifton, and therefore can " a exhibit- 
by its means be refolved into a kind of air fomewhat ed b 7 the 
fimilar to that produced by the vitriolic acid when ar- n ? anne a " 
tificially united to the fame principle, and which has 
the fame property, viz. that of remaining permanent- 
ly elaftic as long as it is kept from the contact of wa- 
ter. But as the acid we fpeak of naturally contains 
phlogifton, there is no neceflity of adding more to 
produce this effect. In the mean time, the marine as 
well as nitrous air, when in its expanded ftate, attracts 
phlogifton, and that with wonderful avidity. 2C $ 

When the marine acid is dephlogifticated, it yields Of the 
another elaftic fluid of a reddifh brown colour, having dephlogif- 
an odour like that of warm aqua regia. This does ticatcJ 
not unite with water, or only in very fmall quantity: n ? annc a " 
and by the addition of a proper proportion of phlogif- " 
ton maybe reduced again to common marine acid. It 
is faid that the marine acid may be dephlogifticated 
by lead as well as by manganefe, the nitrous acid, and 
arfenic. Mr 

The fluor acid abounds with phlogifton, and there- of the fluor 
fore may, without any adventitious matter, be reduced acid, 
to an elaftic fluid. This air is eaftly diftinguiihed 
from all others by its corrolion of glafs whilft hot. 208 

Vinegar alfo contains phlogifton ; and for that rea- Why vine- 

fon, when well dephlegmated, may be reduced without & ar may be 

addition into a permanently elaftic fluid, called acetous reduccd . in " 
• * J toairwith- 

AU thefe fluids feem to be nothing elfe, according t j on- 
to Mr Bergman, than the acids themfelves expanded 209 
by phlogifton. " Perhaps (fays he) the matter of Heat and 
heat alfo enters their compofition." The experiments not phi- 
lately made on thefe fubjects, however, have put it be- g'^ on the 
yond all doubt, that the expanfive principle is not ^{-'"wi^ 
phlogifton but hea 1 ; neverthelefs, it feems highly pro- c j t y % 
bable, that thefe elaftic fluids do really confift of the 
acid united to phlogifton, and expanded by heat. This 
is alfo the cafe with the cauftic volatile alkali, now 
called alkaline air. 2IO 

In the hepatic air, it has been mown by Mr Berg- Sulphur 
man, that fulphurexifts which contains phlogifton ; and exifls iu 
there is little reafon to doubt that the expanfive ne P a tic air. 
power here is the fame as in other cafes. See Hepa- 
tic Air. 

The heat generated during the folution of metals is 

by Mr Bergman fuppofed to be owing to the matter 
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metals ; but it 

licit 
lids, 

quant ible that folids, even tne 

ontain an equal quantity 

biorb 

.iiul throw it out again o .kids 

in all probability contain a much gi 
what is neceflary to their fluidity ; for we fee that the 
as acid, when poured upon fnow, pans with as 
much ■• to diflblve the fnow, at the 

fame time that it ftill retains its fluidity. The cafe is 
not fo with common {alt, which is a folid : for tin 
in a mixture of {alt and fnow, the latter ablbrbs as 
much heat from the fait as is ncceflary for its own li- 
; yet the (alt could not be held in folution 
by a liquid of this temperature, were.it not that an 
additional quantity is perpetually abforbed from the 
adjacent bodies, particularly the atmofphere. But 
it poflible to prevent this adventitious increafe of 
licit, there is not the leaft rcafon to believe that the 
(alt would be diflblved ; for the ftrongeft brine, when 
reduced to the temperature of o of Fahrenheit, is 
decomposed, the fait falling to the bottom in pow- 
der, and the water being converted into ice. Add to 
this alli>, that the cold produced by fpirit of nitre and 
fnow is much more intenfe than that produced by com- 
mon fait and fa iich undoubtedly {hows, t] 
folid does not readily part with as much heat as a fluid, 
and confequently cannot be fuppofed to contain as 
much. The folution of metals in acids alfo demon - 
ftrates, that the folid Jubilance has not parted with 
heat, but abforbed it j for as foon as the folution be- 
comes folid again, /. e. when it cryftallizes, the tem- 
perature becomes higher than before. 

The cal .Is have not tha y of phlo- 

gifton that is neceflary for their metallic flare, but yet 
are not entirely deftitute of it; therefore, in their fo- 
lotion, ny elailic fluid is generated, unlefs the 

lire be continued after exliccation. Such as contain 
aerial acid, difcharge it immediately in the fame form 
as they had received it It is remarkable, that Dr 
Prieftley mentions a calx of lead, which, withtheacid 
ofphofphorous, produced an inflammable air. By means 
of the nitrous acid and evaporation to d , i pure 

air is produced. Sometimes a fmall portion of vitriolic 
acid air is obtained by means of a proper degree of 
fire from vitriolic acid, but a far greater quantity of 
pure air. 

The folutions made by the menftrua abovemeu- 

d, contain a metallic calx intimately united with 

..cud, the quani llogifton left being va- 

according to the difference of the menftrua and 

of the temperature ; but the performance of the opera- 

i ither with or without intenfe heat, frequent 

u-er.ee. That metals arc lefs 

ed by the marine than by the nitrous acid, ap- 

i pouring concentrated nitrous acid_ on tin or 

: but the difference, if it actually does take 

s vifible in other metals. 

i chemifts have denied this calcination 

i. They have infilled, that the 

aght to be excepted, as they do not 
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yield to th< i fire. O: 

<-^v, Wl |, i. ,,tii fob - 

eCt kind, which cannot happen whh< 
lion ; but pr( km \ lorn 

except the n etal >. I hen lore, '<" '■ 
2. 1 J . when precipitated tlut 

by fixed alkalis, both with n ect to tin '•"? 

d internal propi ppear to bi eiflo« 

eiued. Thus the precipitate of gold retufes to uiiite 
with mercury, ana may be diflbived by m and 

other timple menftrua, and that without the produc- 
tion of any elailic fluid, 3. Glafs may be ftained by 
thefe cakes; but no metal in its perfect ftate can be 
taken up by gl _ 2lfi 

The common objection is, that the calces of the why tie 
perfect metals may be reduced by heat alone without calces of 
the addition of charcoal. Man} theories have been the perfect 
invented to folve this phenomenon. Some have fup- nu ' ta '* 
poled, that the matter of heat and light are the fame j'" d C rc " 
with the phlogifton, and that thus the calces arc redn- vithoutad- 
ced in the fame manner as by charcoal or other fub- dition. 
ftances ufually termed . c. But in this cafe we 

io find the calces of the imperfect metals alfo 
ed by a long continuance of heat, as well as the 
more perfect ; which, however, has never yet been 
known to take place. Some, among whole number 
is Dr Lewis, have imagined, that the porofity of the 
. particularly thofe made of earthen ware, may 
be fuch as to admit the pallagc of phlogiitic vapours 
h them ; and he inftances the revival of globules 
din the middle of pieces of glafs upwards of 
an inch in thickn ;fs, and that where there was not the 
leaft appearance of a crack. But from an experiment 
of Mr Kirwan's to be afterwards related, it is much 
more probable that the reduction is effected by means 
of the phlogifton contained in one part of the calx at- 
tracted by another j by which means the latter is re- 
duced to a perfect metal, while the former becomes 
fomewhat more dcphlogifticatcd. In confequence of 
this it appears, that the calx of the perfect metals is 
never totally reduced : for if the operation be per- 
formed in a glafs retort, the bottom of it is always 
ftained ; which indicates the exiilence of a calx, in 
however little quantity. 2 ij 

The following fact, Mr Bergman fays, has been Difficulty 
propofed to him as an inextricable dilemma. " Silver concerning 
cannot amalgamate with mercury except when in 'ts tneamal - 
metallic ftate, yet both falited and nitrated filver arc % ] n r^°* 
taken up by mercury ; it is therefore not calcined by foi^JV- 
the acids, but adheres to them in its metallic form." Bergman. 
This, however, maybe eafily folved in the following 
manner. It is well known that the calx of copper, 
diflblved in the vitriolic acid, is precipitated in its me- 
tallic form on the addition of iron, and that by means 
of a double elective attraction ; for the iron, diflblving 
in the acid, would form an inflan n able air by its 
phlogifton, were not the copper prefent which takes 
it up, and thereby becomes infoluble as long as it re- 
tains it; but mercury has a ftronger attraction for 
acids than filver: if therefore falited or nitrated I 
be triturated with mercury, the filver muft be p 
pitated in a metallic ltate, ami the mercury be calcined 
by being diflblved. Thi 

there be moifture fufEckiu to fuffer the i Tac- 

tions 
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Solution tious to operate. The fuperabundant mercury greedi- 
and Preci- ly takes up the comminuted lilver precipitate ; and the 
pitation. arbores Dia?ue arc nothing more than fuch an amalgam 
cryftallized. But although the acids cannot take up 
any metal while it retains its full proportion of phlo- 
gifton, various metallic falts are able to effect that fo- 
lution. Thus nitrated or falited mercury, boiled in 
water together with the crude metal, can take up a 
certain portion of it without dephlogiftication ; and 
the latter of thefe falts, even in the via ficca t beoomes 
a mercurius dulcis, which contains at the fame time a 
crude and a calcined mercury. 

Perfect folutions mould in general be tranfparent ; 
but fome, as has been already mentioned, are diftin- 
guilhed by a peculiar colour. That phlogifton is the 
chief caufe of colour appears from hence, that the 
black clax of manganeie tinges vitriolic acid of a red 
colour ; but on the addition of fugar the tinge is en- 
tirely deftroyed. Nitrous acid is rendered blue by 
copper ; but when the metal is added in confiderable 
quantity, it becomes of a very deep green. The ma- 
rine acid, which dephlogifticates the copper lefs, is 
yet made green ; but by dephlegmation may be fo 
condenfed as -to become brown. Mr Bergman has 
fometimes feen a folution of lilver green, without the 
prefence of the fmalleft particle of copper. This de- 
pends on the abforption of nitrous air : for let fmoking 
nitrous acid be diluted, on the addition of a certain 
quantity of water it will be of a deep green ; by a 
greater, blue ; and upon a ftill greater, becomes lim- 
pid. By means of the water, the nitrous, air is ex- 
tended to a greater fpace ; and this attenuation gradu- 
ally increafed varies the colours. Hence we fee why 
nitrous acid is made green by a large quantity of 
copper. 

Metals dephlogifticated by acid folvents powerfully 
attract phlogifton ; nay, nitrated lilver and mercury, 
gifton the and falited antimony, corrodes animal fubftances, in or- 
der, as our author fuppofes, to extract it. " This 
metallic caufticity (fays he), which is only to be mo- 
derated by phlogifton, ought to be carefully diftin- 
gufhed from the acid caufticity, which is repreffed by 
alkalies, and the alkaline, which is mitigated by acids. 
Colours vary according to the quantity of phlogifton 
prefent ; and fome experiments fhow, that by a fuffi- 
cient quantity all colour is entirely deftroyed. 

All metals may be precipitated by alkaline falts ; 
which, by their fuperior power of attraction, feparate 
them from their menftrua ; but their difference with 
regard to their nature and preparation alters the na- 
ture of the precipitate. With the cauftic fixed alkali 
kaUiie falts. tne calces ^ almoft entirely pure, but loaded with 
water. The weight i-s found to be increafed by the 
water, and perhaps (fays Mr Bergman) by the matter 
of heat ; but yet lefs than by the aerial acid. With 
the aerated fixed alkali, by means of a double decom- 
position, the aerial acid unites to molt calces The vo- 
latile alkali, which naturally contains phlogifton, fome- 
times phlogifticates the precipitate. It throws down 
a black or white preci pit if of mercury ; nay, it makes 
the orange-coloured precipitate white. Gold receives 
its fulminating quality from this precipitant, as is af- 
terwards to be explained. The alkali, v. hich is com- 
monly called ■■■■ \ted, generally precipitates metals 
with an increafe of weight. 
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The acids frequently occafion precipitates, and that Solution 
for various reafons. By means of elective attraction, and Vrcci- 
mercury, lilver, and lead, are taken from the nitrous P' tat '°»- ^ 
acid by the addition of the marine or vitriolic. Thefe 22I 
acids form with the metals new compounds which are Prccipi- 
difficult of folution in water ; they are therefore pre- fates 
cipitated in greater or lcifer quantity according to cir- °«afioned 
cumftances. The nitrous acid is capable of decom- . / c ^ ' . 
pounding falited tin and antimony by dephlogiftica- W ^' 
ting the calx of the metals too much ; for when thefe 
are too much calcined, they cannot be diifolved in any 
menftruum, as has been already obferved. S22 

Metallic folutions are fometimes difturbed by the By the per- 
neutral falts formed by an union of alkalies with acids. fec t neutral 
Thofe which contain the vitriolic or marine acids de- fa * ts » 
compofe folutions of filver, mercury, or lead, in ni- 323 
trous acid, and precipitate the metals. By forming a By a triple 
triple combination, the vegetable as well as the vola- combinati- 
tile alkali, though fatu rated with vitriolic, nitrous, or on - 
marine acid, precipitate platina from aqua regia ; but 
when the bafis is mineral alkali, the fait has no power 224 
of this kind. Some metallic falts cca\ decompofe Some me- 
others, and precipitate their bafes ; which may hap- taliic falta 
pen whether the acid be different in the two falts or decompofe 
not. Solution of gold affords an example of each of otners - 
thefe cafes. This is precipitated by martial vitriol ; wh "/j 
the reafon of which will appear from coniidering the tioii'of **" 
nature of the precipitate : for this, when well warned gold ispre- 
and dried, not only fhows many mining gold-coloured cipitated 
particles, but alfo unites with mercury by trituration, hy green 
dillblves in aqua regia, but not in marine acid alone, to- vltnoi i 
gether withother circumftances which evince a complete 
refufcitation of the gold. Martial vitrol, in its ordina- 
ry ftate, contains phlogifton, but veryloofely adhering ; 
fo that the clax of gold may eafily take it from the 
folution to fupply the lofs it had fuftained during the 2 z6 
folution. That this is the true foundation of the pro- But not Ly 
cefs, appears alfo from the following circumftances, this fait 
that the weight of the gold is exactly recovered, and when de .~ 
that dephlogifticated vitriol will not precipitate this P hl ®p fti - 
metal. The reafon that the furrounding aqua regia C " 
leaves this precipitate untouched is, that the men- 
ftruum is diluted and weakened by a large quantity of 
water ; for upon boiling it gently, fo as to expel part 
of the water, the menftruum recovers its folvent pow- 
er, and takes up the precipitate again. 227 

It is fomewhat more difficult to explain the reafon Why folu- 
why the folution of gold in aqua regia Ihould be preci- tio11 ? f 
pitated by a folution of tin in the fame menftruum. gold 1S T A \ C ~ 
Here Mr Bergman firftfuppofed that the the tin had at- ffion o? 
tracted a fuperabundance of acid, and taken, it from tin.' 
the gold; which being therefore deftitute ci its pro- 
per quantity, muft fall to the bottom : but on employ 
ing a folution containing a fuperabundant aqua regia, 
the fame precipitation took place. The caufe is therefore 
not in the menftruum. On examining the precipitate 
itfelf, we find nothing like the metallic fplendor of 218 
gold, but that it entirely refembles a calx. It is eafily This pre- 
found by its weight, indeed, that it cannot conlift en- cipitate 
tirely of gold ; and in fact chemical examination conufts 
fhows that it confifts partly of tin. It cannot be dif- purtlyo ^ 
folved by the marine acid alone, but is eafily taken up 
by the addition of a little nitrous acid. It fcarcely 
unites with mercury by trituration. Thefe properties 
feem to indicate, that the gold has lb far received phlo- 
E 2 gifton 
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91 
ition, no: it turbid, bat*^ y * 

tens the colour in the fame manner as an excels 

2', ? 

Solution of filver in nitrons acid lets fall a white Precipi- 
precipitate by I □ by the can- tates 

ltic, and of an obfeure \ i^y the nitrons and oi Hlver. 

marine acids it lets fail a white precipitate, which 
r confifts of more diftinct particles, 
which grow black more iknvly with the light of the 

ited merci fall a red precipitate, or ra- of mer- 

ae of a ferruginous colour, by aerated alkali ; cury. 
but of a more yellow ilh or orange colour by the cau- 
ftic. Nitrated men without heat, yields 

a fern with mineral alkali ; a black 

with cauftic : and w ken prepared with heat, it yields 
to cauftic alkali an orange or reddim yellow precipi- 
tate. By phlogifticated alkali it is precipitated from 
all acids of a white colour j but turns of a brownifh 
. when dry. Sal ited mercury is very iparingly 
precipitated by this alkali. The precipitate by phlo- 
gifticated alkali i ; . again diflbived, if too much of the 
precipitant be made ufe oi. — Corrofivc fublimate lnuft 
be very cautiou'ly precipitated by cauftic, as we] 

I fixed alkali; for the part feparated may again 
blved by a large quantity of water. When too 
much alkali is ufed, a new compound arifes of a pe- 
culiar natu Zi y 
Soli :ad in fpirit of nitre is precipitated down Presipi- 
by aerated, cauftic, or phlogifticated alkali, tatcs 
too much alkali, the precipitate by the phlo- °f lc;,J ' 
gifticated kind is diflbived with a brownifh yellow co- 
lour. Vitriol of lead and foluiion of lead in marine 
acid are precipitated white. . g 

Blue folutionof copper in fpirit of nitre is precipi- of copper ; 
tared of a bright green by aerated fixed alkali ; by the 
cauftic of agreyilh brown, which grows reddifh by age. 
By phlogifticated alkali copper is precipitated of a 
greenifh colour, which grows afterwards of a brownifii 
red, and upon exiiccation almoft black. The aerial 
acid takes up a fmall quantity of copper during the 
precipitation, which is again dcpolited by the heat of 
boiling. 

Aerated fixed alkali precipitates iron of a green co- of a ^' 
lour from vitriolic and marine acid ; but the precipi- 
tate becomes of a browniih yellow, efpecially on ex- 
ficcation ; with the cauftic alkali it approaches more 
to black. In the precipitation fome part i r * held in 
folution by the aerial -acid, when the mild alkali 
is ufed. With phlogifticated alkali a Pruflian blue is 
formed. 

Tin is precipitated of a white colour by every alka- of tin • 
line fait, even by the pbh- 

length fome blue particles appear in thi ■ f 

he whole, wlv 

hie colour. That : - 

ron appears by calcination ; f( 

ferru- 
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Solution ferruginous, and obey the magnet. Our author has al- 
aml Preci- ways found a proportion of iron in tin. 
pitati on. Bilmath is thrown down of a tine white by water 

% . x and alkalies, particularly the former ; phlogifticated al- 
Precipi- kali throws down a yellow powder, which being mix- 
tatesof bif- ed with blue partklcs occafioned by iron, at length ap- 
mmth ; pears green. This yellow fediment caiily diiiolves in 

241 nitrous acid. 
Of nickel; Nickel is precipitated of a whitifh green by fixed 

alkalies ; by the phlogifticated alkali of a yellow ; 

and by exliccation it is condenfed into a dark brown 



243 



mafs. 



Of arfenic; Arfenic difiblved in acids, which prevent too great 
dephlogiftication, may, to a certain degree, be precipi- 
tated white by the fixed alkali, even when phlogiiti- 
ca*-cd, but the fediment is found foluble in water; 
yet nitrous acid, either alone, or joined with the ma- 
rine, generally dephlogifticates the arfenical acid, which 
thereby becomes unfit for fepajation. Arfenic dif- 
iblved in marine acid, with the ailiftance of a little 
nitrous acid, depofited a white fediment on the addi- 
tion of a large quantity of phlogifticated alkali. The 
fediment was mixed with Pruflian blue. This was 
didblved in water, and freed by frequent filtration from 
the blue particles ; and at length, on evaporating to 
244 drynefs, yielded a femipellucid mafs. 
Of cobalt; Cobalt didblved in acids is thrown down by fixed 
alkali, whether aerated or cauftic, of a reddifh blue, 
which grows darker on exficcation, efpecially when the 
former alkali has been ufed. Phlogifticated alkali 
throws down a powder of almoft the fame colour, 
2 .. which, upon exficcation, becomes of a reddifh brown. 
Ofzine- Zinc is precipitated white by aerated and cauftic 

fixed alkalies, as alfo by the phlogifticated alkali ; but 
this laft becomes of a citron colour on exficcation : a 
fmall portion of aerial acid may eafily efcape during 
246 the precipitation. 
Ofanti- Antimony is precipitated white by alkalies. When 

mony; the phlogifticated alkali is ufed, fome blue panicles 
are almoft always precipitated at the fame time, though 
the regulus had been prepared without any iron. This 
operation ihould be cautioufly conducted, left fome 
24 , ; part be taken up by the alkaline fait. 
Of man- Manganefe procured by reduction from common 

ganefe. magnefia nigra, generally renders menftrua brown, 
and with aerated alkali yields a yellowilh brown fedi- 
ment; with the cauftic, one ftill darker ; with the phlo- 
gifticated, firftablue, thena white, powder is fepara- 
ted, the mixture of which renders the mafs a black 
green. To obtain a pure and white calx of manga- 
nefe, we muft diifolvc in pure vinegar the precipitate 
thrown down by cauftic alkali ; for there ftill remains 
a quantity of iron which is taken up by the aerial a- 
cid. This acetous folution contains little or nothing 
of iron. That metal may alfo at firft be fepirated by 
a fmall quantity of volatile alkali. 

The common folution of the regulus is not per- 
fectly precipitated by the aerated alkali ; and upon e- 
vaporating the remaining liquor fpontaneoufly to dry- 
nefs, grains of a metallic fpleudor, and not unlike 
copper, are depofited on the glafs. The nitrous acid 
attracts thefe readily, though they are only partially 



'- 37 

difiblved by it; but on the addition of zinc, r. 

falls befides the manganefe, though at lirfl it is a lit 

tie reddifh. With phlogifticated alkali, we obtain aP' ^"' 

yellow precipitate like pure manganefe, provide 

loiiition has depofited the iron when too much 

ifticated by age. But the new folution yields a 
precipitate almoft like that which is obtained from < 
mon regulus. The yellow fediment may be difiblved 
in water. 24? 

The following is Mr Bergman's table of the quan- On the 
tities of precipitate of different metals, thrown down caul 
from various menftrua by the different alkalies. " (\ 
comparing the weights (fays he), a quefiion occur: 
concerning the caule of fuch enormous dii ■/% of 

and it is plain, that this caule muft be fought foi in predpi- 
the precipitates themfelves — The fixed alkali fatura- tates. 
ted with aerial acid, when added to the folution, is 
taken up by the more poweiful menftruum ; and the 
weaker is of courfe expelled, and is abforbed by the 
calx as it falls, in greater or lefler q la Ltify .'.-cording 
to circumflances. That this is actually the cafe is 
eafily demonftrated : — Let a bottle containing a quan- 
tity of nitrous acid be accurately weighed. Let there 
be put into it, for inftance, 1 32 parts of lead precipi- 
tated by aerated alkali ; and not only an effei vefcence 
will be obferved, which continues until the very laft 
particle is difiblved, but when the folution is finilhed, 
a deficiency of weight is difcovered, which amounts 
nearly to 21, and which is undoubtedly owing to the 
extrication of aerial acid. But 132 — 21=111; a 
weight which ftill confiderably exceeds that of the 
metal. Upon diftillation nearly eight of water are 
difcovered. There yet remain therefore three, which 
by violent heat are increafed by feven ; for 132 of the 
calx well calcined yield no. The whole increment 
of weight then does not depend on the water and aerial 
acid. The fame thing is evinced by confidering the 
precipitate of lead by the cauftic alkali ; in which cafe 
there can be no aerial acid, nor does any efiervefcence 
accompany the folution. If we fuppofe the quantity 
of water equal in both cafes, yet even on this fuppo- 
fition the whole excefs of weight is not accounted 
for; for 116 — 8=108. It is therefore probable, 
that the matter of heat is attached to the calx (a). — In 
proof of this opinion, and that cauftic alkalies contain 
the matter of heat, our author adduces feveral argu- 249 

ments, of which the following is the ftrongefl " Let Argument 

the heat occafioned by the mixture of any acid and in favour 
cauftic alkali be determined by a thermometer; let of the 
then an equal portion of the fame menftruum be fatu- wei g h * of 
rated with a metal; afterwards, on the addition of an P rec ' r '- 
equal quantity of cauftic alkali, it will be found, ei- a U menl^d 
ther that no heat is generated, or a degree very much by^hTmat- 
lefs than before. — Some of the matter of heat there- terof beat, 
fore is taken up and fixed, which alfo generally makes 
the colours of the precipitates more obfeure ; and in 
diftillation with fal-ammoniac, communicates to the vo- 
latile alkali the quantity that had been taken away." 

In this inftance alfo, however, c feems to i n f u aj"° en£ 

have been deceived. It has already been obfew 
that in all folutions generating heat, it moft probably 
comes from the fluid. Acids contain a quantity (nf- 

licicnt 



(a) This increafe of weight is with more probability to be afcribed to a remainder of the acid. 
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.1 fluidity, but for rcn- 

thcy have dif- 

1 1 is quantity 

• alkali is added, if 

ig fluidity 

to the I, the 

.kes the heat extricated 

f lead f continues our author), 
er metals, a few excepted, 
c up little or no aerial acid ; inch 
platina. — But Ibme pre- 
. tity of the menftruum. 
. ccipitated by aerated al- 
'' l,l,c ' " portion of marine acid, which cannot 

! off by water ; but, by cauflic alkali, the 
precipitate may be obtained, either free of the acid 
ether, or in a great meafure. In this cafe, as in 
others, the a; rial acid fecms to generate a triple 
tblje. The prefence of the marine 
ivered by folution of filver in ni- 
acid, if the menftruum has been pure. Hence 
in the i>re- wc obferve another difference in mercury precipitated 
M of from ; id, according as we employ the aerated 

nurcury. ur cau fl.j c :l \i iX ]\ . tnc latter, well wafhed, and put in- 
to volatile alkali, is fcarccly changed in colour; but 
the former initantly grows white, generating a fpe- 
cics of fal-alembroth, but containing fo little marine 
acid as not to be ealily folublc in water. The calces 
which r< I ■ their former menftruum, generally 

over on distillation a finall portion of fublimate. 
The mercurial calx juit mentioned, cxpofed to a fuf- 
of heat, is partly reduced to crude mer- 
cury, partly to mercurius dtflcis, by means of its re- 
maining marine acid. This mercurius dulcis did not 
in the precipitate ; for in that cafe it would be 
calily difcovered by acids in which it is not foluble, 
and ow black with cauftic alkali, neither of 

which take place, fo that it moil be generated during 
the diftillatio 

Bergman concludes his dilTcrtation, with an e- 
numcration of the advantages refulting from the care- 
ful examination of metallic precipitates. — Thefe are 
1. That thus the theory of the operation will be more 
underllood. 2. We may difcover the more 

fio:i of mo '..,-', 111 ■' s r i ■ 

tallic pre- lll( -' t - 1 l and remarkable properties. 3. A foundation is 
(ipitat. . by laid for eflaying in the moift way, from the 

bare knowledge of the weights. <' It may be objec- 
ted (fays he), that the doctrine of the weights is very 
fallacious ; that they vary in different precipitates ; 
that by imperfect precipitation fomething remains 
in the liquor ; and that fometimes extraneous matters 
in in them. All this is true ; but if the mode of 
ition be the fame, the refill ts of the experiments 
will be equally conftant. Thus, let us f ippofe that 
a certain quantity of metal a, precipitated in a certain 
manner, makes a weight £; if that fame manner be 
tly employed, we may fairly conclude, that a quan- 
tate r.b, occurring in any cafe, is corre- 
to a quantity of perfect metal na ; though, 
inthe fundamental experiment, the precipitationis either 
extraneous matter may be prefent. 
of metals is thus illuftrated. Platina, 
nickel, cobalt, and manganefc, an: foppofed by fome to 
derive tb< from a mixture of other metals. But 

if iron ncccflarily enters into the compofition of platina, 
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Advanta< 

from the 



when the latter is diflblved in aqua regit, it ought to 

a Pruflian blue on the addition of phi 
alkali ; which indeed i>> the cafe when common platina 

< d, but not with that which is w ell d 
In like manner, if iron, adhering very obllinawly to 
nickel, formed a great part ot the latter, t] 

from it by alkalies could not 1 
from martial precipitates fo much as they do in ci 

lit, and other properties. The fame holds true 
of cobalt and manganefc. The regulus obtained from 
the latter contains about 0.08 of iron, which a 
the mixture in the following manner. An hundred 
pounds diflblved in an acid menftruum, yields, bj 
treatment with phlogifticated alkali, a powder confifling 
partly of blue, partly of brownith yellow particles, 
equal in weight to 150 pounds; but eight pounds of 
iron yield 48 of Pruflian blue, marl) ' ofthewholi 
of precipitate : whence it follows, that 100 parts of pure 
manganefc yield to uhlogifticated alkali fcarccly 111 ; 
/. e. nearly lix times fefs than an equal weight of iron. 
" Laftly, by this method of examining precipitates, 
it may perhaps be pollible to determine the unequal 
quantities of phlogifton in different metals; for a given 
weight of precipitating metal does not yield an equal 
quantity of precipitate : thus, for inftancc, copper is 
able to precipitate from nitrous acid lour times its 
weight of filver." 
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Mr Kirvvan has made a great number of experi- 
ments on the attractive powers of the mineral acids to 
various fubftances, and greatly illuflrated the opera- 
tions of both folution and precipitation. Chemical at- 
traction, he obferves, " is that power by which the 
invilible particles of different bodies intermix and u- 
nite with each other fo intimately, as to be infeparable 
by mere mechanical means." Thus it differs from the 
attraction of cohefion, as well as from that of mag- 
netifm and electricity, as not acting with the indif- 
ference obferved to take place in thefe powers, but 
cauling a body already united to another to quit that 
and unite with a third ; whence it is called elettive 
attraction. Hence attraction of cohelion often takes 
place betwixt bodies that have no chemical attraction 
for each other ; as for inftance, bifmuth and regulus 
of cobalt, which cannot be made to unite together by 
fufion, though they cohere with each other fo ftrong- 
ly, that they cannot be feparated but by the blow of 
a hammer. 

To determine the degrees of attraction betwixt dif- 
ferent fubftances, M. Geoffroy laid it down as a gene- 
ral rule, that when two fubftances are united, and 
either quits the other to unite with a third, that which 
thus unites to the third miift be faid to have a greater 
affinity to it than to the fubftance it has quitted. In 
many cafes, however, the feemingly fmgle decompo- 
iition is in truth a double one. Thus, when the vi- 
triolic acid expels the air from a fixed alkali, it does 
not necefiarily follow, that the acid is more attracted 
by the alkali than the fixed air ; for here though the 
latter refigns its place to the acid, yet the acid gives 
out its fire to the air ; whence a decompolition might 
take place, even though the attractive powers of both' 
the vitriolic and aerial acid to the alkali were equal. 

To attain to any certainty in this matter, therefore, 
it is necefTary to determine the quantity and force of 
each of the attractive powers, and denote it by num- 
bers. The neceffity of this has been obferved by Mr 
Morveau and Mr Wenzel, who have both propofed 
methods for anfwerin;;- the purpofe ; but Mr Kirwan 
has fhowed that both are defective : and he tells us, 
that the difcoveiy of the quantity of real acid in each 
of the mineral acid liquors, with the proportion of real 
acid taken up by a given quantity of each bafis at the 
point of faturation, led him unexpectedly to what 
feems the true method of inveitigating the quantity of 
attraction which each and bears to the feveral bafes to 
which it is capable of uniting : « for it was impolfible 



(fays he) not to perceive, r. That the quantity of real Solution 

acid neceiiary to laturate a given weight of each bafis a °d Preci- 

i's inveri'ely as the affinity of each baiis to fuch acid. P ltat10 "- , 

2. That the quantity of each baiis requilite to faturate 

a given quantity of each acid is directly as the affinity 

of fuch a id to each balls. Thus 100 grains of each of 

the acids require for their faturation a greater quantity 

of fixed alkali than of calcareous earths, more of this 

earth than of volatile alkali, more of this alkali than 

of magntiia, and more of magnelia than of earth of 

alum. 

'• If an acid be united to lefs of any bafis than is 
requilite for its faturation, its affinity to the deficient 
part of iis balls is as the ratio which that deficient part 
bears to the whole of what the acid can faturate' 1 hus, 
if 100 grains of vitriolic acid, which can faturate no 
of calcareous earth, be united only to 55, its affinity 
to the deficient 55 parts ffiould be efiimattd one half 
of its whole affinity ; but its affinity to the retained 
part is as its whole affinity." 2o g 

To explain the deeompofitions in which thefe acids Method of 
are concerned, we mult confider, firfl, the power? explaining 
which refill any decompolition, and tend to keep the the deeom- 
bodies in their prefent flate ; and, fecondly, the power? p 2- i' ^, 
which tend to effect a decoinpoiition and new union ; „.;!i„ f i„„7 

e former our author calls quiefa at c.fj. nities, the latter 2 6 7 

divellent. A decompofhion will therefore always take Q" iefcent 

place when the fum of the divellent affinities is greater and divel- 

than the quiefcent ; and, on the contrary, no decom- lent amni " 

poiition will happen when the fum of the quiefcent t:cs ' 

affinities is greater than that of the divellent. All we 

have to do therefore is to compare the funis of each 

of thefe powers. The method our author takes to 

compare the affinities together is by the following 

table; in which the quantity of alkali, earth, &c. fa- 

turated by 100 grains of each of the mineral acids, is 

Hated. 

26 S 



Vol. Mag- Earth of Quantity 
alk. nefia. alum, of acid ta- 
90 80 75 hen up by 
87 nr r various ba- 

79 71 55 



fes. 



Veg. fixed Mineral Calcar, 

alkali. alkali. earth. 

Vitriolic acid 215 165 no 

Nitrous acid 215 165 96 

Marine acid 215 158 89 

Thefe numbers he confiders as adequate expreffions 
of the quanity of each of the affinities. Thus the af- 
finity of the vitriolic acid to fixed vegetable alkali is 
to the affinity with which it adheres to calcareous 
earth as 215 to no; and to that which the nitrous 2o9 
acid bears to calcareous earth as 215 to 96, &c. Pence Expreffive 
we fum up the powers of affinity betwixt any number of the 
of different fubilances, and account for their decom- quantity of 
pofitions, as in the following example of the double a ' tra<9,on 
decompofition, which takes place when a foluiion of r y t* 6 
vitriolated tartar and folution of lime or chalk in hi f thefe 
trous acid are mixed together. hafes. 



Qt/ie fee Jit A'Jfiuitks. 

Vitriolic acid to vege- 
table fixed alkali, 215 

Nitrous acid to calca- 
reous earth, 96 

Sum of quiefcent "> 
affin \ 



Divellent dffii 

Vitriolic acid to calca- 
reous earth, no 

Nitrous a id to vege- 
table alkali, 



Sum of divellent 
affinities 
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Hence we fee that a double decompofition muft enfue. 
The fame will be produced, if inilead of vitriolated 

tartar we make ul'e of Glauber's fak ; for the fun of 

the 
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one part oi alum and two of com- 
fait be mixed :cd, and let to 

er's fait will be formed; thi 
ent nihilities is - 
hat of the div< 22 . Mr Kirwan re- 
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all, he fays the de- 
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mon I explanation is confirmed by the 
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ild have been fori . rding 
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: 
> matter, he made th< following *°d. _r*eca« 
1 which the dcMmpofitiona were not P imiou -. r 
dilcovcred h\ cryftallizatiou, but b) U »*• 

1. I roc u red a 1 ich of the three Experi- 

fame proportion of real menu to 
iture of 68° ol 
, ico trraius of vitriolic acid, containing l . "J *f e 
26.6 ot rt ; ! projected \\\ • ains ol oil oi 

Ltlire, by which the the r- j lcat ex _ 
I S°. cited by 

2. . pint of nitre, containing mixtures. 
alio 26.6, projected on 480 grains of oil oi tartar, pro- 
duced only i2o° of heat. 

3. An hundred, grains of fpirit of fait, the fpecifie 
gravity of which was 1220, and which contained the 
ufual proportion of real acid, railed the thermometer 

from 69 to 129. 27! 

" Hence (fays lie) it follows, that the vitriolic acid Vitriolic 
contains more lpecinc fire, or at leaft gives out more acid con- 
by uniting with fixed , than either the nitrous * ainsniore 
or marine ; and therefore v hen the vitriolic acid comes ', rc ' . an 

.... . ... ,-,.,. • the nitrous 

in contact with either nitre or lalt ol Sylvius, its fire an j nia _ 

into thefe acids, which are thereby rarefied to a rine. 

great degree, and are thus expelled from their alka- a -o 

line bills, which is then feized on by the vitriolic." — Difficulty 

On this, however, it is obvious to remark, that, ac- in the thet- 

cording to Mr Kirwan's explanation, the marine acid, r 7- 

as giving out more fpecifie heat, ought to expel the 

nitrous from an alkaline ball:; ; w hich, how ever, i 

the cafe. Something elfe, therefore, befides the mere 

quantity of fpecifie heat, mult here be taken into confi- 

deration. Mr Kirwan, however, goes on to prove the 

truth of his theory by the following experiments. „« 

4. To 400 grains of vitriolic acid, whofc fpecifie On the ex- 
gravity was 1.362, lixty grains of nitre were added ; on pulfion of 
which the thermometer fell from 68° to 6o°. During the nitrou* 
the time of this defcent, the nitrous acid was not ex- addbytlw 
pclled ; for fume filings of copper, put into the mix- ^ ltnohcdl " 
ture, were not r.clcd upon in the leaft; but in five 
minutes afterwards they vifibly effervefced, which 

fliowed that the nitrous acid began to be expelled ; for 
the vitriolic acid does not act upon copper but by a 
boiling heat. 2 « r 

5. Sixty grains of nitre were put to 4C0 of oil of By the fame 
vitriol, whole fpecifie gravity was 1.870 ; the ther- acid con- 
mometer inltantly rofe from 68° to 105 , and the ni- ctntrated. 
trcus acid was expelled in a vifible fume. — " Thefe 

s (fays Mr Kirwan) prove, 1. That neu- 
tral falts are not decompofed by mere foltuion in an 
:.id different from their own. 2. That the nitrous 
g converted into vapour, had imbibed a 
large quantity of fire. Eut as the vitriolic acid, in vrith°_ 
both thefe experiments, was ufed in much larger quan- fcnall quan- 
tify tl .eecfiary to faturate the alkali of the tity of di- 
nitre, fixty grains of the latter were put into 64 of ,uUd vi *»- 
ovementioned dilute fpirit of vitriol, which con- olic a ^ id - 
d the fame quantity of real vitriolic acid that the 0n ^ 3 

if nitre did of the nitrous ; with the addi- puWonof" 
d a few 1 . marine a- 

wo hours the copper w tidbythe 

tly the nil; 1 lied. conccntra- 

6. To . of oil of vitriol, of the fpe- ^ T * tr * 9 " 
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Solution, and the marine acid rofe in white vapours. A thcr- 
and Preci- mometer held in the liquor rofe only 4 degrees, hut 
pitatiwi. ^ in the froth it afcended to 10% and fell again up. 1 

2^4 being replaced in the liquor. Hence Mr Kirwan eon- 
Both the eludes, that the vitriolic acid give: out its fire to the 
nitrous and marine ; and that this tatter received more than it 
marine a- could abforb even in the Hate of vapour, aad therefore 
communicated heat to the contiguous liquor, it ap- 
pears to him alfo, that the nitrous and marine acids 
receive fire from the vitriolic, and are thrown into a 
vaporous Hate, or at leait rarefied to inch a degree as 
to be expelled from their alkaline balls, though their 
affinity with that balls may be equally itrong with the 
vitriolic. 

7. To afcertain the manner in which vitriolated 
tartar and Glauber's fait are d'ecompofed by fpirit of 
nitre, 60 grains of powdered tartar of vitriol were 
vitriolated p. lt into 400 of nitrous acid, whole fpecihe gravity 
was 1.355, and which contained about 105 grains of 
real acid. The thermometer was not affected by the 
mixture ; but in 24 hours the vitriolic acid was in part 
difengaged, as appeared by the acid mixture acting up- 
on regulus of antimony, which neither pure vitriolic 
nor pure nitrous acid will do by themfelvcs. On pa- 
ting the fame quantity of vitriolated tartar into 400 
grains of fpirit of nitre whole fpecihe gravity was 
1.478 , the thermometer rofe from 67 to 79 : the vi- 
triolated tartar was quickly dillblved, and the regulus- 
a 86 of antimony mowed that the vitriolic acid, was difen- 
Acids unite gaged. Hence it appeared that the nitrous acid, In- 
to alkalies ying the fame affinity with the balls of vitriolated tar- 
by giving tar as the vitriolic, but giving out, during the filia- 
tion, more fire than was neceilary to perform thefblu- 
tion, the vitriolic, receiving this fire, was difengaged : 
for as it cannot unite to alkalies without giving out 
fire ; fo when it receives back that fire, it muft quit 
them. The reafon why the nitrous acid, which fpe- 
cihcally contains lefs fire than the vitriolic, gives out 
fo much is, that its quantity in both thefe experi- 
ments is far greater than that of the vitriolic ; it be- 
ing in the firft as 105 to 17, and in the laft as 158 to 

17- 

8. To 60 grains of fpirit of nitre, whofe fpecific 
gravity was 1.355, Mr Kirwan added 1000 grains of 
water ; and into this dilute acid put 60 grains of vitrio- 
lated tartar, containing exactly the fame quantity of real 
acid that the 60 grains of nitrous acid did. In eight 
days the vitriolated tartar was almoft entirely difTolved, 
and without any fign of its decompofition ; and no 
nitre was found upon evaporating the liquor. Hence 
he concludes, that the nitrous acid can never decom- 
pofe vitriolated tartar, without the affiftance of heat, 
but when its quantity is fo great that it contains con- 
fiderably more fire, and by the act of folution is de- 
termined to give out this fire. This fait is alfo de- 
compofed, in fimilar circumstances, by the marine a- 
cid ; though Hill more flowly and with more difficulty 
than by the nitrous, as appears by the following ex- 
periments. 

9. Into 400 grains of fpirit of fait, whofe fpecific 
gravity was 1.220, were put 60 grains of vitriolated 
tartar. The thermometer was not affected in the lcaft, 
and the fait difTolved very flowly. Some pulverized 
bifnuth was added to try whether the vitriolic acid 
was difengaged ; and in 12 hours part of it was dif-. 
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that fo could not be prcclpkaffled by water. Solution 

.ed, that p. at of the vitriolic acid was dif- «nd Preci- 
lodc . ; far 1 his. ■ femi-metai cannot be key! in Sou.tioi, P' unon - ^ 
when much dilated with water, excepting by -a mix- 
ture ot marine and viniolic acids. 289 

In this expttiment the quantity of marine acid was Rwjuifites 
mudb. greater than that of the vitriolic ; and therefore forthciuc- 
it was'caparbie ofdifledgifig ib This circumfiance a ctis of tll:s 
lone, hew ever, is not fofficient ; the acid mull be dif- m ^^ 
poied to give out by folution that quantity of fire 
which it is neccliary the vitriolic ih.ouh! receive in or- 
der to its quitting the baits to which it is united ; and 
therefore when Mr Cornette added two ounces of fpi- 
rit of fait to half an ounce of vitriolated tartar already vitriolated 
diii'olved, in water, no decompofition took place. The tartar uif- 
reiiion of this was, that as the vitriolated tartar wasal- folvetffci 
ready dillblved, no cold nor heat was generated by water can- 
the mixture ; and therefore the fpirit of fait could not not 1,e $*~ 
give out any fire. Glauber's fait is more eaiily decomuo- ^ om P 01 f 
fed by marine acid then vitriolated tartar, on account ^jd anc i 
of its being more eaiily Soluble in fpirit of fait ; and why'. 
likewife becaufe its alkaline balls takes up an equal 
quantity of both acids : consequently the marine gives 
out more fire in uniting to the bans of Glauber's fait 
than on being united to that of vitriolated tartar. Vi- 
triolic ammoniac is alfo decompofed by means of ma- 29 s 
nine acid ; but in all thefe cafes, the quantity of ma- Decompo- 
rine acid mn ft greatly exceed that of the vitriolic fition of 
contained in the fait to be decompofed ; and it muft vit riolk 
be remarked, that according to the obfervations of Mr- ammoniac 
Bergman, the decompofition of Glauber's fait or vi- f " . f . a ,"" 
triolic ammoniac by this acid is never complete. by marine 

On the fune principles the marine acid decompofes acid never 
falts which have the nitrous acid for their balls. Mr complete. 
Cornette found, that cubic nitre was more eafily de- a 9 a 
compofed by it than that which has vegetable alkali Nltrous 
for- its balls. Accordingly, during the folution of falts de f ~ , 
prifmatic nitre, only three degrees of cold were pro- by marLe 
duced ; but fix by the folution of cubic nitre ; which acid, 
fhows that the fpirit of fait gave out more fire in the 
latter cafe than in the former ; and its quantity muft 
always be greater than that of the nitrous acid con- 
tained in the mineral alkaline bafis ; becaufe this' bafis 
requires for its Saturation more of the marine than of 
the nitrous acid. The nitrous acid, however, in its 
turn decompofes fait of Sylvius and common fait ; but 
it muft always be in greater quantity than the marine 
to produce that effect. „ „ 

10. Sixty grains of common fait being added to Marine 
400 of colourlefs fpirit of nitre, whofe fpecific gra- falts de- 
vity was 1.478, the mixture quickly effervefced and compofed 
grew red, yet the thermometer rofe but two degrees ; ^ tlie m ~ 
which fhowed that the marine acid had abforbed the trousaciti *- 
greater part of the firft given out by that of nitre ; 
the decompofition was likewife haftened by the Supe- 
rior affinity of the nitrous acid to the alkaline bafis of 
the fea-falt : hence the decompofition of fea-falt by 
means of nitre takes place without any folution; but 
fpirit of fait will not decompofe cubic nitre until it has 
firft dillblved it. This mutual expuliion of the ni- 
trous and marine acids by each other, is the reafon why 
aqua-regia may be made by adding nitre or nitrous 
ammoniac to fpirit of Salt, as well as by adding com- 
mon fait or Sal ammoniac to fpirit of nitre. 

Selenite cannot be decompofed either by nitrous or 
F marine 
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miHi" rcaufc it cannot be diflblvcJ in cither 

• the aiiiiUncc of foreign heat. It mnfi like- 

bc obferved, that in all decompofitions of this 

. when the liquor has been evaporated to a cer- 
tain degree, the vitriolic acid expels in its turn the ni- 
trous or marine acid to which it had already yielded 
its bu.i-.. The reafon of this is, that the free part of 
the weaker acids being evaporated, the neutral lalts 
begin to cryftallizc, and then giving out heat, the vi- 
triolic abforbs it ; and thus reacting upon them expels 
them from the alkali or earth to which they are united. 
Mr Kirwan found much more difficulty in deter- 
mining the attractive powers of the different acids to 
the metals than to alkaline falts or earths. Some of 
the difficulties met with in this cafe arofe from the na- 
ture of metallic fubftanccs thcinfelvcs. Their calces 
when formed by fire always contain a quantity of air, 
Difficulties which cannot be extracted from them without great 
>n deter- difficulty, and is very foon re-abforbed ; and if formed 
e by folution, they as conftantly retain a part of their 
folvent or precipitant ; fo that the prccifc weight of the 
metalline part can fcarcc be difcovcred. Our author, 
therefore, and becaufe metallic calces arc generally in- 
Ibluble in acids, chofe to have the metals in their 
per feci: ftate : and even here they muff lofe a part of 
their phlogifton before they can be dillblvcd in acids, 
and a conliderable part remains in the folution of the 
acid and calx ; which lafl quantity he endeavoured to 
determine. 

A new difficulty now occurred, arifing from the 
impoiiibility of finding the real quantity of acid nc- 
ceflary to fat urate the metal, for all metallic folutions 
contain an excefs of acid : the reafon of which is, 
that the falts formed by a due proportion of acid and 
calx arc infoluble in water without a further quantity 
of acid ; and in fome cafes this quantity, and even its 
proportion to the aqueous part of the liquor, muft be 
very conliderable, as in folutions of bifmuth. It was 
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in vain attempted to deprive thotc folutions of their 
excels of acid by meant of cauHic alkalies and U 

; for v. hen deprived of only pari oi it, many of 
the metals were precipitated, and all of them would be 
fo it deprived of the whole. As the folution of filver, 
however, can be very much faturated, Mr Kirwan 
began with it and found that 657 grains of this folu- 
tion contained 100 grains of filver, and 31 .q8 grains 
of real acid, after making the proper allowance for 
the quantity diffipated in nitrous air. Nine grains of 
this folution tinged an equal quantity of folution of 
litmus as red as T *, of a grain of real acid of fpirit of 
nitre would have done; whence our author concluded 
that 9 grains of his folution of filver contained an ex- 
cels of .,%. of a grain of real lilvtr : according to 
which calculation, the whole quantity ought to have 
contained 5.6 grains; which deducted from 31 .38, 
leaves 25.78 grains for the quantity of acid faturated 
by 100 grains of lilvcr. 

As the vitriolic folutions of tin, bifmuth, regulus, 
of antimony, nickel, and regulus of arfenic, con- 
tain a large excefs of acid, Mr Kirwan faturated 
part of it with cauftic volatile alkali before he tried 
them with the infuiion of litmus ; and the fame me- 
thod was ufed with folutions of iron, lead, tin, and 
regulus of antimony in the nitrous and marine acids. 
The proportion of vitriolic and marine acid taken up 
by lead, lilver, and mercury, were determined by com- 
puting the quautity of" real acid necetlary to precipi- 
tate thefe metals from their folutions in the nitrous a- 
cid ; which feemed to be the moft cxa<5l method of 
determining this point. The refult of all the expe- 
riments was, that 100 grains of each of thefe acids 
take up at the point of faturation of each metallic fub- 
ffance, dephlogifticated fuch a degree as is ncceflary 
for its folution in each acid, the quantities marked 
in the following tabic. 




fcrent me- 
tals taken 
uj> by a- 
cid. 



acid 
Nitrous 

acid 
Marine 

acid 



Tin. 
I 3 S 



Lead. 
412 



255 

265 



25; 

265 



I20 



36c 



Silver. 
390 

375 



Merc. 
432 



Zihc. r.ifmuth. Nickel. Cobalt 
250 



Reg. of ant. Reg. of arfen. 



1 30 400 420 



416 
438 



318 
304 
312 



3IO 
29O 

250 

320 



320 

300 

275 
310 



360 

370 



200 
194 
198 



260 



220 



290 



Though from this table, compared with the former, 
"we might fuppofe that metals, having a greater at- 
traction for acids than alkalies, could not be precipi- 
tated by them, yet Mr Kirwan obferves, that the com- 
mon tables, which poflpone metallic fubftances to al- 
kaline falts, are in reality juft, though there can fcarce 
be any room to doubt that almofl all metallic fubftan- 
ccs have a greater affinity with acids than alkalies have. 
The common tables, he lays, are tables of precipitation 
r.uhcr than of affinity, as far as they relate to metallic 
greater af- f„bftances. Thefe precipitations, however, are con- 
fioitywitfa ft am ]y the refult of a double affinity and decompofi. 
alkalies™ tion ; the precipitating metal yielding its phlogifton to 
a too *« precipitated one, while the precipitated metal 
Why alka- yields its acid to the other. Thus, though copper in 
Les preci- its metallic form precipitates lilver and mercury from 
pitite the tne nitrous acid, yet the calx will precipitate nci- 
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rather than fixed alkali, appears from the following ex- 
periment. If a folution of filver in nitrous acid be 
poured into a mixed folution of alkali and fea-falt, 
the filver will be precipitated by the fea-falt into a lima 
cornea, and not by the loofe alkali contained in the 
liquor. " Now (fays Mr Kirwan), if the nitrous 
acid had a greater affinity to the free alkali than to 
the filver, it is evident that the filver would be preci- 
pitated pure, and not in the ftate of luna cornea ; but 
from its being precipitated in this ftate, it is plain, 
that the precipitation was not accompliflied by a iinglc 
but by a double affinity. Hence alfo the marine acid 
appears to have a greater attraction to filver than the 
nitrous has to fixed alkalies. The refult is limilar 
when we make ufc of folutions of lead or mercury in 
t lie nitrous acid. Mr Bayen has alfo fhown, that vi- 
triol of lead and corrofive fublimarc mercury cannot 
be deprived of more than half their acid, even by cai- 
ifies. 

With 
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Solution With regard to lead, if perfectly dry fait be prqject- 

and Prcci- Cc j on t his metal heated to ignition, the Common fait will 
pitation. ^ be decompofed, and plumbum corneum formed. Nor 
302 can we attribute this to the volatilization of the alkali 
Sea-falt de- by heat ; for the alkali is as fixed as the lead, and 
compofed muft therefore be caufed by the fuperior attraction 
which the calx of this metal, even when dephlogifti- 
cated, has for the marine acid. Mr Scheele informs 
us, that if a folution of common fait be digefted with 
litharge, the common fait will be decompofed, and a 
cauftic alkali produced. It may alfo be decomposed 
limply by letting its folution pafs llowly through a fun- 
nei filled with litharge ; and the fame thing happens 
to a folution of calcareous earth in marine acid ; which 
ihovvs that the decompofition takes place merely by the 
fuperior degree of attradtion betwixt the acid and me- 
tallic calx (a). 

That acids have a greater attraction for metallic 

earths than volatile alkalies, is (till more evident. Luna 

talfic earth cornea [ s f l u ble in volatile alkalies ; but if this folution 
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be triturated with fourtimesits weightofquickfilver, a 
mercuriui dulcis, and not fal ammoniac, is formed. The 
reafonwhy alkalies and earths precipitate all metallic fo- 
lutions is, that the metals are held in folution by an ex- 
cefs of acid. Even if the alkaline and earthy fubftance 
did no more than abforb this excefs of acid, a precipi- 
tation mull neceftarily enfue ; but they not only take up 
this fuperabundant acid, but alfo the greater part of 
that which is neceilary to faturate the metallic earth. 
This they are enabled to do by means of a double af- 
finity ; for during the folution of metals, only a fmall 
part of the phlogifton, comparatively fpeaking, efcapes, 
the remainder being retained by the compound of acid 
and calx. When therefore an alkali or earth is added 
to fnch a folution, the phlogifton quits the acid, and 
joins with the calx, while the greater part of the acid 
reunites to the precipitate. Notwithftanding this great 
affinity, however, of metallic earths to acids, there are 
but few inftances of their decompoling thofe falts 
which have an alkali, or an earth for their bafis, by rea- 
fon of the inability of the acids, while combined with 
thefe bafes, and thereby deprived of a great part of 
earth oral- their fpecific fire, to volatilize the phlogifton combi- 
kali for ned with the metallic earths, which muft neceffarily 
their bafis. be expelled before an acid can combine with them : and 
as to the metallic calces, they are generally combined 
with fixed air, which muft alfo be partly expelled ; but 
ammoniacal falts (containing much more fire, for they 
abforb it during their formation) for that reafonac~i much 
more powerfully on metals. Allowing then the affini- 
ties of the mineral acids with metallic fnbftances to be 
as above, all double decompositions, in which only falts 
containing thefe acids united to alkaline, terrene, or 
metallic bafes, areconcerned, admitof aneafy explana- 
tion ; nay, fays Mr Kirwan, I am bold to fay, they 
cannot otherwife be explained. Thus, if a folution 
folution^of °^ tartar vitriolate, and of lilver in the nitrous acid, be 
filver ex- mixedinproperpfroportion, nitreandvitrioloffilverwill 
plained i be formed ; and this latter for the moft part precipitated. 
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590 



DivtilcKt Affinities. Solution 
Nitrous acid to ve- 7 and PrccI " 

getable alkali, C 2I * F tat '° n - 
Vitriolic acid to lilver, 390 



605 306 
Thus alfo, if, inftead of a folution of tartar vitrio- And of 
late, that of Glauber's fait, or of vitriolic fal ammo- j? laub . er . s 

niac, felenite, Epfom fait, or alum, be ufed, the ba- , a *' v,tn<> ~ 

' * * lie amnio— 

lanceisconftantlyinfavourofthedivellent powers ; and njac ^. c 

a precipitation is the confequence, though but flight 

when felenite or alum are ufed. 307 

Solution of filver is alfo precipitated by the vitriolic In whatca- 
folutions of iron, copper, tin, and probably by many fes fdutiow 
other folutions of metals in the vitriolic acid : for this . er 1S 
reafon, among others undoubtedly, that they contain.*^ ^y 2 
an excefs of acid : but if a Saturated folution of lilver tncr n:e _ 
be mixed with a very faturated folution of leadormer- tab. 
cury in the vitriolic acid, the lilver will not be preci- 
pitated ; and in both cafes the balance is in favour of 
the qniefcent affinities. 308 

All the marine neutral falts, whether the bafis be al- Conftamly 
kaline, terrene, or metallic, decompofe the nitrous folu- decompo- 
tion of filver ; and thefe decompositions are conftantly /i 1 "?" 
indicated by the balance of affinities already defcribed. 
The fame thing alfo takes place with folution of lilver 
in the vitriolic acid, as is indicated alfo by the fame ^ g 
table. The nitrous folution of lead is alfo decompo- As alfo fo- 
fed, and the metal for the moft part precipitated, an- lution of" 
lefs the folution be very dilute in the form of vitriol of ' ead - 
lead, by all the neutral falts containing either the vi- 
triolic or marine acid, excepting only the combination 
of lilver with marine acid, which precipitates itin no- 
other way than by its excefs of acid. 310 

Solution of lead in marine acid is decompofed by all Solution »f 

the neutral falts containing the vitriolic acid, excepting lead in 

only felenite and folution ofnickclin oil of vitriol. Thefe mann ^ a - 

J , • • • 1 r r r • j cid decom- 

can only precipitate it by virtue of an excels of acid. po f ed j, y 

Nitrous folution of mercury is decompofed by all the vitriolic 
neutral falts containing the vitriolic acid, except vitrio] falts; 
of lead, which only decompofes it by an excefs of acid. 3" 

All the falts containing marine acid decompofe the Au "° ni " 
nitrous folution of mercury, excepting the combina- t T 0US ° 
tions of marine acid with lilver and lead, which decom- m ^urv • 
pofe it by excefs of acid. 3IZ 

Thefe falts alio decompofe vitriol of mercury, tho'Andby 
a precipitation does not always appear, owing, as Mr the falts 
Kirwan fuppofes, tothefacility with which a fmall quan- containing 
tity of the marine fait of mercury is foluble in an excefs n ? aniie a " 
ofacid. Marine faltoffilver, however, decompofes vitriol * ' 
of mercury only through its excefs ofacid. Kence we vitriol of 
fee why luna cornea can never be reduced by fixed al- mercury 
kalies without lofs ; and were it not that the aftion of decompo- 
the alkali is affifted by hear, it never could be reduced fed bv m ' d ~ 
by them at all. rine acid. 

When oil of vitriol is mixed with a folution of cor- why^na. 
rofive fublimate, a precipitate falls ; but this, as Mr CO rnea 
Bergman remarks, does not proceed from a decompo- cannot be 
¥ 2 fition reduced 

without 

— — ■ lo&by 

alkalirx- 



(a) Thefe experiments have been repeatedly many other chemifts without fuccefs ; and Mr Wieglebfalu. 
informs, that none of thofe who have attempted to decompofe fea-falt by means of lead, ever found their uue- 
ihods anfwer the purpofe.. 
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keep the fublimatc diifi 

e af- 

olic acid with regard do bif- 
nickel i one Ihowing the ailinity which 
r to the metals when dephlogiftica- 
bition in the acids ; the other th.u 
. the acids bear to them when more dephlo- 
giltie. . they are diflblved in tiic nitrous 

I ' : iiie other hand, all the acids have Id's alii- 
.vith the calces of iron, zinc, tin, and antimony, 
when they are dcphlogiiticated to a certain degree ; 
ithpr found himfclf unable to give any cer- 
tain criteria of this dcphlogillication. 

it diflicult point to be fettled was the pre- 
cipitation of metals by each other from the mineral 
acids. To determine this it was ncceflary to find the 
quantity of phlogifton in each of them, not only in 
their natural ltate, but according to their various de- 
gives of dcphlogiftication by each of the acids. The 
fnbftancc he cliofc for determining the abfohite quan- 
tity of phlogifton in a metallic fubftance was regulus of 
arfenic. An hundred grains of this femimctal diflbl- 
ved in dilute nitrous acid yielded 102.4 cubic inches of 
nitrous air ; which, according to his calculations on that 
.t, contain 6.86 grains of phlogifton j and hence 
he concluded that 100 grains of regulus of arfenic con- 
tain 6.86 grains of phlogifton. From this experi- 
ment, three times repeated with the fame fuccefs, our 
pro eeded to form, by calculation, a table of 
bfolute quantity of phlogifton contained in me- 
tals, the relative quantity having been computed by 
i in and his calculations adopted by our au- 
Thcfe quantities are as follow. 



ioo grams 





Relative 


Abfolute 




Quantity. 


Quantity 


Gold 


394 


24.82 


Copper 


"12 


19.65 


Cobalt 


270 


I7.0I 


Iron 


333 


I4.67 


7.mc 


1S2 


II.46 


Nickcl 


156 


9.82 


las of" 


I 120 


7.56 


antimony 


s 




Tin 


114 


7.18 


'..isof ' 
arfenic 


\ ico 


6.S6 


Silver 


100 


6.30 


cury 


"4 


4.56 


Bifmuth 


5 7 


3.59 


Led 


43 


2.70 



This point he Likewifi ared to afcertain by 

r experin.' ilvcr lofes a certain quantity 

h efcapes and feparatcs from it du- 

lution in nitrous acid, he concluded, that if 

fed to nothing from which it 

d this was diftilled to 

I entirely feparated from the acid, as much III- 

iced as correfponded with the 

it ; and if tliis quantity 

■■ table, he then had 

aft. 

. rraips of ftandard diver were 

with 

obtained from it 24 cubic inches of ni- 

This folution was gently evaporated to 



drynefs; and hr found that, during the evaporation, 
about a quarter of a grain ot the iilvei had been volati* -^-^ ' 

. '1 he dry rcfidoum was then (..nulled, and ke\'; \ "■'" ' "• 
an hour in a coated green-glafs retort heated 1 
a white heat. Abundance of nitrous acid palled of] 
during the operation, and a green and white lub imaic 
rofe into the neck of the retort, lorn c of it even pal- 
ling over into the receiver. On breaking the retort, the 
inlidc was penetrated with a yellow and red tinge, and 
partly covered over with an exceedingly fine liivtr pow- 
der, which could icarcely be fcraped off. The re- 
mainder of the filver was white, and perfectly free 
from acid, but not melted into a button. On being 
collected, it weighed 94 grains ; confequently 26 grains 
had been loll either by fublimatien or vitriheatiou ; 
but of thefe 26 grains 9 were copper ; lor ico grains 
of ftandard filver contain 7'. of copper, therefore only 
1 7 grains of pure filver remained unreduced, being ei- ^1 
ther volatilized or vitrified. The whole quantity of Quantify 
pure filver in 120 grains of ftandard filver amounts to of r ,urc m *- 
iii grains; then if in grains of pure filver loie 17 ta \ co n- 
by being deprived of its phlogifton, 100 grains of the J? m ^' \" 
fame mould lofe 15.3; and by the aboVe table fc-5.3 filver. 
grains of filver mould contain 0.945 of a grain oi 
phlogifton. Now, ico grains of pure filver afford 
14 cubic inches of nitrous air, which, according to our 
author's calculation, contain 0.938 of a grain of 

aion; and this differs from 0.945 only by .007 
of a grain. " In tip (fays Mr Kir wan) 

only as much of the filver iublimed as could not regain 

ifton ; the remainder regained it from the nitrous 
air abforbed by the folution, and by that which remain- 
ed in the acid and calx, li this were not fa, I do not 
fee why the whole of the filver would not fublitne." , 2a 

Dr Prieftlcy having fevcral times diflblved mercury Exatnina* 
in the nitrous acid, and revivified it by dillilling over tion ofDr 
that acid, constantly found a conliderable portion of il 1 'i'^hy's 
unreduced To try whether that proportion corrc- CT V etim ^ t 
fponded with his calculation, Mr Kirwan examinee! a ""' I un S> 

. lilt" IcVlVHl 

Dr Pncftlcy's experiment, viz. that having diflblved r ,f mcr . 
17 penny-weights 13 grains (321 grains) of mercury cury. 
in nitrous acid, 36 grains remained unreduced. Ac- 
cording to Mr Kirwan's calculation 56 grains fhould 
have remained unreduced ; for ico grains of mercury 
afford 12 cubic inches of nitrous air ; of confequence 
321 grains lhould afford 38.52, which contain 2.58 
of phlogifton : and if, as according to the table, 4.56 
grains of phlogiftion be ncceflary to metallize 100 
grains of mercury, 2.58 grains will be necelTarv to 
metallize 56 grains of the fame metal ; and our author 
is fatisficd from his own trials, that 1 150 

grains would have remained unreduced, ifdephlogifli- 
cated nitrous aci a tiled in diflblving the 1 

cury, and the folution performed with heat and a «,. 
ftrongacid: but that which the Doctor ufed was of why fo 
the Imoking kind, and confequently contained a con- much of 
fiderable quantity of phlogifton already, which un- thetaefal 
doubtedly contributed to revive mo.c t>f the metal -vvas rt vi * 
than would otherwife have been done. It is true, p d in l > he 
Dr Pricfllcy afterwards revived a great part of what ( *^' 

it this happened menu, 
it had been fome time expofed to the free air, 
h the calces of n etals always attract phi 
- a, which i blackens 01 
ing expofed to the air. 

By another experiment of Dr Prieftley's, it was 

found 



Theory. 



C H 



MIST R Y. 



45 




Solution found, that nearly rive pennyweights of minium, from 
and Preci- whence all its air was extracted, that is, about 118 
station, grains, abforbed 40 ounce-meafures, or 75.8 cubic 
inches of inflammable air, containing 2.65 grains of 
phlogifton, by which they were reduced. An hundred 
grains of minium, therefore, require for their reduc- 
tion nearly 2.2 J grains of phlogifton. In another 
minium by eX p cr i mei - lt made with more care, he found, that 480 

inHammn- I , . .. 11-11 r> r c ■ 

grains of minium abforbed 10S ounce-mealures of in- 
flammable air ; fo that, according to this, ioo grains 
of minium require for their reduction 1.49 grains of 
phlogifton ; and in two fucceediug experiments he 
found the quantity ftill lefs. On this Mr Kirwan re- 
marks, 1. That the whole of the minium was not de- 
phlogilticated ; for it is never equally calcined, and 
befides much of it muft have been reduced during the 
expulfion of its air. 2. The quantity of phlogifton in 
the inflammable air may have been greater, as this 
varies with its temperature and the weight of the at- 
mofphere: fo that on the whole thefe experiments con- 
firm the refults expreffed in the table. 

Mr Kirwan next proceeds to confider the attraction 
traction of of metallic calces to phlogifton, Inflammable air, 
metallic when condenfed into a folid fubftance, he fuppofes not 
only equal, but much fuperior, to any metallic calx in 
fpecific gravity i and therefore, if we could find the 
fpeciiic gravity of any calx free both from phlogifton 
and fixed air, we would thus know the deniity which 
phlogifton acquires by its union with fuch calx. It 
the fpecific has, however, hitherto proved impofiiblc to procure 
gravity of calces in fuch a ftate ; as, during their dcphlogiftica- 
tion, they combine with fixed air or fome panicles of 
the menftruum, whence their abfolute weight is in- 
creafed, and their fpecific gravity diminiihed. Hence 
it appears, that the fpecific gravity of the calces differs 
much lefs from that of their refpective metals, than the 
fpecific gravity which the phlogifton acquires by its 
union with thofe calces from that which it poffefi'es in 
its uncombined ftate. Hence, inftead of deducing the 
quantity of affinity betwixt phlogifton and metallic cal- 
ces from" the following propofition, that " the affinity 
of metallic calces to phlogifton is in a compound ratio 
of its quantity and deniity in each metal," he is obliged 
to deduce it from this other, that " the affinity of me- 
tallic calces to phlogifton is directly as the fpecific 
gravity of the respective metals, and inverfely as the 
quantity of calx contained in a given weight of thefe 
metals." This latter propofition is an approximation 
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the quantity of phlogifton in any metal is, the fmaller Solution 
is the quantity of calx in a given weight of that me- and 1'reci- 
tal ;" and, that " the deniity which the phlogifton ac- P^ "- 
quires is as the fpecific gravity of the metal." This 
latter propofition, howevtr, is not ftricfly true, for 
this denfity is much greater ; but its defect is only fcu- 
fible with regard to thofe metals which contain a 
coniiderable quantity of phlogifton, as gold, copper, 
cobalt, and iron. With regard to the reft, it is of no 
importance. The fpecific gravity of the different me- 
tals, then, being as reprefented in the firft column of 
the following table, the affinity of their calces to phlo- 
gifton will be as in rhe fecond ; and the third ex- 
prelfes the affinities in numbers homogeneous with 
thofe which exprefs the affinities of acids with their 
bails. 

Proportionable 
Affinities. 

O.25 

O.147 

O.I18 

o. 116 

O.I CO 

0.099 
0.092 
0.C9Q 

0.089 



Gold 

Mercury 

Silver 

Lead 

Copper 

Biimuth 

Cobalt 

Iron 

Regulus of 

Arfenic 

Zinc 

Tin 

Regulus of 

Antimony 



Specific 
Gravity. 

M 
11.091 

n-33 
8.8 
9.6 

7-7 
7-7 

I 8-3t 



3r,o 

Real Affinities cf Table of 
Calx to Phlogift. the pro- 



IO41 
6l2 
491 
483 
454 
412 

383 

375 



portional 
affinities of 
metallic 
calces to 
phlogifton. 



7.24 

7 

6.86 



0.08I2 
O.O75 

O.074 



370 

358 
312 

308 
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From this table we may fee why lead is ufeful in Why lead 
cupellation ; namely, becaufe it has a greater affinity » s ufeful in 
with phlogifton than the calces of any of the other cupellation* 
imperfect metals ; confequently after it has loft its 
own phlogifton, it attracts that of the other metals 
with which it is mixed, and thus promotes their calci- 
nation and vitrification. ,, a 

The third point neceffary for the explanation of the Quantity©! 
phenomena attending the folution of metals, and their phlogifton 
precipitation by each other, is to determine the pro- loft b >' ™ e " 
portion of phlogifton which they lofe by folution in ta J s . dui ; in £ 
each of the acids, and the affinity which their calces a cinat10 "* 
bear to the part fo loft. Though our author was not 
able to determine this by any direct experiment, yet 
from various confiderations he was led to believe that 
it was as follows : 



By the vitriolic 



Quantity of Phlogifton feparated 
From Iron, Copper, Tin, Lead, Silver, Mercury, Zinc, Bifmuth, Cobalt, Nickel, Reg. of Ant. Reg. of Arf. 

» 7 9» Entire *JL ■ < J * '..' Entire ' 7 _ »*_ 



acid 3 
By nitrous acid * 1*-%. yV T %* s Entire 
By marine acid T y„- • t V-b- tV -A - 

The affinity of the calces to the deficient part of 
their phlogiltch may now be eafily calculated ; for 
they may be confuttred as acids, whofe affinity to the 
deficient part of their btiis is as the ratio which that 
cat. part of ^, m h ears t0 the /whole. Thus the affinity of iron, 
„ut„„. °" thoroughly depriv.cd of its phlogifton, being 37$, as it 
lofes two-thirds of its phlogifton by folution in the 
vitriolic acid, the aSnity'of iron to thefe is two- 
thirds of its whole affinity ;' that is, two-thirds of 375, 
or 250. 



.' 7 , Entire Entire Entire 
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Thus we may eafily conftruct a table of the affinities Ufe of 
of the phlogifton of different metals for their cal- thefe cal- 
ces ; and from this and that formerly given, by which cula tions 
the affinities of the acids to the metallic calces was ex- ^ tables 
preffed, we may guefs what will happen on putting one -^ 
metal in the folution of another. Thus if a piece of ir ,thephe- 
copper be put into a faturated folution of filver, the nomena of 
filver will be precipitated ; for the balance is in fa- precipita- 
vour of the divellent powers, as appears from the fol- tion « 
lowing calculation. 

Quiefcent 



46 



CHEMISTRY. 



Solution 
and Preci- 
pitation. 



• .c ex- 
«.r U nf a- 
ciil in folu 
tion» pro- 
per for mi 
king theft 
experi- 
ments. 

335 
Why the 



Nil runs acid to lilvcr ;?> 

phlogiihm 5_L_1 

Sum of the quid"- ; - 
t affinities 3 
[0 making; thefc 



Theory. 






D'ntUtnt Affinities. 
Nitrous acid to copper 255 
Calx of (ilver to 

phlogifton 
Sum or the divcl- ) . 
lent 3 *■ 

experiments the folutions mult be 
nearly, though not entirely, faturatcd. If much fu- 
pcrflaona acid be Left, a large quantity of the added 
metal will be dhlblved, before any precipitation can 
be made to appear ; and when the folution is perfect- 
ly faturatcd, the attraction of the calces fur one another 
begins to appear ; a power which fometimes takes 
place, and which has not yet been fully inveftigated. 
In this way the precipitating metals are more de- 
metals are phlogifticated than by direct folution 1:1 their re- 
m ° re ~, c ." fpectivc menftrua ; and are even dillolvcd 

phlogiUi- 

cated hy 

mutual 



lotion. 
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are even diliolved by men- 
ftrua which would not otherwife affect them. The 
reafon of this is, that their phlogifton is acted upon by 
precipitati- two powers inftead of one : and hence, though copper 
on than by be directly foluble in the vitriolic acid only when in 
its concentrated ftate, and heated to a great degree ; 
yet if a piece of copper be put into a fohuion of lilver, 
mercury, or even iron, though dilute and cold, and 
expofed to the air, it will be diliolved ; a circumltance 
which has jtiltly excited the admiration of feveral emi- 
folution of nent chemifts, and which is inexplicable on any other 
filver, mer- principles than thofc juft now laid down. From this 
cury, or 1- circumflance we may fee the reafon why vitriol of cop- 
per, when formed by nature, always contains iron. 

Mr Kir wan now proceeds to conlider the folu- 
tions of metallic fubltances in all the different acids. 

Vitriolic acid, he obferves, diilolves only iron and 
zinc of all the metallic fubltances, becaufe its affinity 
°"' ymct to their calces is greater than that which they bear to 
by vitriolic tnc phlogifton they mult lofe before they can unite 
ac i d . with it. 

338 Nitrous acid has lefs affinity with all metallic fub- 

Nitrous a- fiances than either the vitriolic or marine ; yet it dif- 
ciddifTolvcs f lves them all, gold, filver, and platina excepted, 
^ m ^ ls > though it has even lefs affinity with them than they 
v.° U ifr t ' a f_ have with that portion of phlogifton which muft be 
fmity with ' o( b before they can difTolve in any acid. The reafon 
them than of this is, that it unites with phlogifton, unlefs when in 
the vitrio- too diluted a ftate ; and the heat produced by its union 
Be or ma- ^jrJi phlogifton is fufficient to promote the lblution of 
" ,1C * the metal. On the other hand, when very concen- 

wv* 3 ^ tratcd, it cannot dilfolve them : becaufe the acid does 
rannot dif- not tm:11 contain fire enough to throw the phlogi- 
fdve then lton into an aerial form, and reduce the folid to a li- 
whenmuch quid. 

concentra- Tj ie ma rine acid dephlogifticates metals lefs power- 
:tJ- fully than any other. It can make no fohuion, or at 

3 j*° leait can operate but very llowly, without heat, in thofc 
cafathc cafes where the metallic calx has a itrongcr affinity 
marine a- with that portion of the phlogilton which muft be loft, 
cid can dif- than the acid : nor can it operate briikly even where 
fMvc me- t ] ie attraction is ftronger, provided, the quantity of 
acid be frnall ; becaufe fuch a little quantity of acid 
does not contain fire enough to volatilize the phlogif- 
ton : and hence heat is necelTary to affift the marine 
acid in diilblving lead. When dcphlogifticated, it acts 
more powerfully. 

It has been obferved, that copper and iron mutual- 
ly precipitate one another. If a piece of copper be 
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put into a faturatcd folution of iron lrclh made, no Solution 
precipitation will enfue lor 12 hours, or even longer, al ' d ?***' 
if the liquor be kept clofc from the air 1 but it the li- l" ut '°"- . 
quor be expofed to the open air, the addition oi vo- 34 i 
latile alkali will (how, in 24 hours, that fome of the Why cop- 
copper has been diliolved, or fooner, if heat be ap- P tr and »* 
plied, and a calx of iron is precipitated. The reafon ro " P rcci - 

of this will be underitood from the following ftate of p,ut ^' °" c 

.... ° another, 

the affinities. 



Quiefcent. 

Vitriolic acid to calx of 
iron - - 270 

Copper to its phlogi- 
lton - - 360 

560 



Divellent. 

Vitriolic acid to cop- 
per - - 260 

Calx of iron to phlo- 
gifton - - 250 

510 



In this cafe no decompofuion can take place, be- 
caufe the fuin of the divellent affinities is lcis than that 
of the quiefcent ; but in the fecond, w hen much of 
the phlogifton of the iron has efcaped, the affinity of 
the calx of iron to the acid is greatly diminifhed, at 
the fame time that the affinity of the calx to phlogi- 
fton is augmented. The ftate of the affinities may 
therefore be fuppofed as follows. 



Quitfctnt. 

Vitriolic acid to calx 
of iron - 240 

Copper to its phlo- 
gilton - 360 



Divellent. 

Vitriolic acid to cop- 
per - 260 

Calx of iron to phlo- 
gifton - 370 



600 630 

The increafe of affinity of the calx of iron to phlo- 
gifton is not a mere fuppolition ; for if we put fome 
frefli iron to a folution of the metal fo far dephlogjfti- 
cated as to refufe to cryftallize, fo much of the phlo- 
gifton will be regained that the impoverifhed folution 
will now yield cryftals. The reafon why the increafed 
quantity of phlogilton does not enable the acid to re- 
act upon the metal is, becaufe it is neither fufficicntly 
large, nor attracted with a fufficient degree of force, 
to which the accefs of air and beat employed contri- 
bute confiderably. The diminution of attraction in 
calces of iron for acids is evident, not only from this 
but many other experiments ; and particularly from 
the necellity of adding more acid to a turbid folution 
of iron in order to re-eftabliih its tranfparency. 

A dcphlogifticated folution of iron is alfo precipita- 
ted by the calces of copper. The fame thing happens 
to a folution of iron in nitrous acid ; only as the acid 
predominates greatly in this folution, fome of the cop- 
per is diliolved before any of the iron is precipitated. 
Copper precipitates nothing from folution of iron in 
the marine acid, though expofed to the open air for 
24 hours. 

Solution of copper in the vitriolic acid is inftantly 
precipitated by iron ; the reafon of which is plain from 
rhe common table of affinities : and hence the foun- 
dation of the method of extracting copper, hy means 
of iron, from fome mineral waters. The precipitated 
fetation affords a vitriol of iron, but of a paler kind 
than that commonly met with, and lefs lit for dyeing, 
as being more dephlogifticaied : the reafon of \;hich 
is, that copper contains more phlogifton than iron ■ 
old i^on is alfo ufed which has p:*n1y loft its phlo- 
gifton. 
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Solution gifton. Hence the iron is more dephlogifticated by 
and Preci- precipitating copper than by mere dillblution in the 
pitation. vitriolic acid ; and hence call iron, according to the 
, 45 obfervations of Mr Schlutter, will fcarcely precipitate 
Solution of a folution of copper; becaufe it contains lefs phlo- 
copper gillon than bar-iron, as Mr Bergman has informed us. 
fcarcely de- Mr Kirwan always found filver ealily precipitated 
by means of iron from its folution in nitrous acid j 
though Bergman had obferved that a faturated folution 
of fdver could not be thus precipitated without great 
difficulty, even though the folution were diluted and 
and an excefs of acid added to it. What precipitation 
took place could only be accomplifhed by fome kinds 
of iron. The reafon of this Mr Kirwan fuppofes to 
be, that the folution, even after it is faturated, takes 
up fome of the lilver in its metallic form ; which Mr 
Scheele has alfo obferved to take place in quickfilver. 
The lad: portions of both thefe metals when diilblved 
in ftrong nitrous acid, afford no air, and confequently 
are not dephlogifticated. This compound of calx, 
therefore, and of lilver in its metallic ltate, it may rea- 
sonably be fuppofed cannot be precipitated by iron, 
as the lilver in its metallic form prevents the calx from 
coming into contact with the iron, and extracting the 
phlogiflon from it ; and for the fame reafon iron has 
been obferved not to precipitate a folution of mercury 
in the nitrous acid. 

Zinc cannot precipitate iron, as Mr Bergman has 
fhown, until the folution of the latter lofes part of its 
•f zinc and phlogiflon. Hence we may underiland why Newmann 
iroabyone denied that iron can be precipitated by means of zinc. 
Mr Kirwan, however, has found, that zinc does not 
precipitate iron from the nitrous acid ; but on the 
contrary, that iron precipitates zinc. In a fhort time 
the acid redhTolves the zinc and lets fall the iron, 
owing to the calx of iron being too much dephlogifti- 
cated. Iron, however, will not precipitate zinc either 
from the vitriolic or marine acids. Mofl of the me- 
tallic fubflances precipitated by iron from the nitrous 
acid are in fome meafure redifTolved fhortly after ; be- 
caufe the nitrous acid foon dephlogiflicates the iron too 
much, then lets it fall, reacts on the other metals, and 
diffolves them. 

Dr Lewis obferves, that fdver is fometimes not pre- 
cipitated by copper from the nitrous acid ; which hap- 
timescan- pens either when the acid is fuperfaturated with fdver 
not preci- ty taking up fome in its metallic form, or when the 
fdver is not much dephlogifticated. In this cafe, the 
remedy is to heat the folution and add a little more acid, 
which dephlogiflicates it further ; but the nitrous acid 
always retains a little fdver. 

It has commonly been related by chemical authors, 
that blue vitriol will be formed by adding filings 
be formed f CO pper to a boiling folution of alum. Mr Kirwan, 
by boiling nowever ^ nas ffiowed this to be an error ; for after 
of aluni° n foiling a folution of alum for 20 hours with copper 
with cop- filings, not a particle of the metal was diholved ; the 
per filings, liquor {landing even the tefl of the volatile alkali. The 
alum indeed was precipitated from the liquor, but jftill 
retained its faline form ; fo that the precipitation 

35° was occafioned only by the diffipation of the fuperflu- 
Whytin^ ousackK 

""chita- ^° meta l 1S capable of precipitating tin in its me- 
ted in its tallic form ; the reafon of which, according to Mr 
metallic Kirwan, is, becaufe the precipitation is not the effect 
lorflT. 
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of a double affinity, but of the fingle greater affinity Solution 
of its menftruum to every other metallic earth. Me- and Preci* 
tals precipitated from the nitrous acid by tin are af- P' tiU ' < - n - j 
terwards redillblved, becaufe the acid loon quits the 3i r 
tin by reafon of its becoming too much dephlogi- Why me- 
fticated. tils P reci ' 

Lead precipitates metallic folutions in the vitriolic P Itated h Y 
and marine acids but (lowly, becaufe the firft portions ^"^ds " 
of lead taken up form falts very difficult of lblution, re( iifr [ ve d 
which cover its furface, and protect it from the fur- ^ z 
ther action of the acid ; at the fame time it contains Precipita- 
fo little phlogiflon, that a great quantity of it muft be tions b.y 
dillolved before it will diflblvc other metals. A folu- lead - 
tion of lead very much faturated cannot be precipita- 
ted by iron but with difficulty, if at all. Mr Kirwan 
conjectures that this may arife from fome of the lead 
alfo being taken up in its metallic form, as is the cafe 
with mercury and fdver. Iron will not precipitate 
lead from marine acid ; for though a precipitate ap- 
pears the acid is ftill adhering to the metal. On the 
contrary, iron is precipitated from its folution in this 
acid by lead, though very flowly. 2 Si 

Mercury is quickly precipitated from the vitriolic Precipita- 
acid by copper, though the difference between the fum tions or " 
of the quiefcent and divellent affinities is but very mercury by 
fmall. The precipitation, however, takes place, be- C0 PP er - 
caufe the calx of mercury has a ftrong attraction for 
phlogiflon ; and a very fmall portion of what is con- 
tained in copper is fufficient to revive it. 3 j 4 

Silver, however, is not able to precipitate mercury It cannot 
from the vitriolic acid, unlefs it contains copper; in be precipi- 
which cafe a precipitation will enfue : but on diftilling tatc ^ by fii- 
fdver and turpeth mineral, the mercury will pafs over v ? r . r ,° m 
in its metallic form; which fhows that the affinity of acid# 
the calx of mercury to phlogiflon is increafed by heat, 
though the difference betwixt the divellent and quief- 
cent powers is very fmall. ^SS 

Mercury appeared to be precipitated by fdver from Why mer- 
the nitrous acid, though very flowly ; but when the curjr and 
folution was made without heat, it was not at all pre- ^ v . cr pre " 
cipitated. On the other hand, mercury precipitates cip ' t ? teonc 
fdver from this acid, not by virtue of the fuperiority f r ° m tnc 
of the ufual divellent powers, but by reafon of the at- nitrous at- 
traction of mercury and fdver for each other ; for they cid. 
form partly an amalgam and partly a vegetation, 
fcarcely any thing of either remaining in the folu- 3S& 
tion. Corrofive 

Silver does not precipitate mercury from the folu- fublimate 
tion of corrofive fublimate ; but, on the contrary, pr"clpita- 
mercury precipitates filver from the* marine acid : and \ e ^ D y gj. 
if a folution of lut:a cornea in volatile alkali be tritura- ver; but 
ted with mercury, calomel will be formed ; yet on di- luna cornea 
ftilling calomel and filver together, the mercury will mav lic de " 
pafs in its metallic form, and luna cornea will be form- com P ofcd 
ed. The fame thing happens on diflilling filver and y m< af U u_ 
corrofive fublimate, the affinity of calx of mercury to ij n ', at e by 
phlogiflon increaling with heat. filver, in 

Bifmuth precipitates nothing from vitriol of copper the dry 
in 16 hours ; nor does copper from vitriol of bifmuth. wa 7- 
The two metallic fubflances, however, alternately pre- 3?? 
cipitateone another from the nitrons acid, which pro- .^i^T 
ceed from their different degrees of dephlogiftication. mutn 

Nickel will fcarcely precipitate any metal except it 358 
be reduced to powder. A black powder. is precipi- Nickel 
tated by means of zinc from the folution of nickel predpita- 

J n ted by zinc. 
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5 mctalic form from the 
kcl. i he 
turns of lead teem to act 1 

1, the calces uniting to 

other, i r fome time to be acted 

es by the vitriolic and nitrous 

oas or" nickel, but at hut nickel feems to bave the 

;agc ; but a black precipitate appears which ever 

of thein is put into tiie folution of the other. How- 

. nickel readily precipitates vitriolic and nitrous 

ions of bifmiuh ; but in the marine acid both 

thefe fcmimctals are foluble in the iblutions of each 

otlier : yet nickel prccipitatcsbifniuth very llowly, and 

only in part ; while bilmuth precipitates a red powder, 

fuppofed by Mr Kirwan to be ochre, from the fohuion 

of lib 

Cobalt is not precipitated by zinc either from the 
vitriolic or nitrous acids, though it feems to ha\c 
fome effect upon it when in that offea-falt. 

Iron precipitates cobalt from all the three acids, 
yet much of the fcmimctal is retained in the vitriolic 
.o.).i t pre- 1 nitrous folutions of it, particularly the latter; 
by iron. which, alter letting lall the cobalt, takes it up a. 

163 and lets fell a dcphloglilicatcd calx of iron. Nickel 
Nickel pre- alfo, though it does not precipitate cobalt itlelf, as 
oipitate* appears by the remaining rtdntfs of the fohuion, yet 
fon»« hete- coiiflanrty precipitates fo 1 geneous matter from 

it. Solution of cobalt in the marine acid becomes co- 
lourlefs by the addition of nickel. Bifmuth is foluble 
in the vitriolic and nitrons folutions of cobalt, and 
throws down a fmall white precipitate, but does not 
affect the metallic part. Nor can we attribute thefe 
f dutions in vitriolic acid to any excefs in that acid, as 
white pow- 1 , are t jj mrc an j ma< j e without heat. Copper alfo 

tier en the • . . , ... , , . . * • , 

addition of precipitates from the iolutionot cobalt a white powder 

bifmuth or fuppofed to be arfenio. 

The regulus of antimony has no effect on fohuion 
of copper in vitrwlic acid, nor is precipitated by it 
from the fame acid ; but it di lolves Qowly in vitriol of 
antimony. With fohuion of vitriol of lead it becomes 
red in 16 hours, but is fcarcely precipitated by lead 
from the vitriolic acid. Powdered regulus alfo preci- 
pitates vitriol of mercury very (lightly. Bifmuth nei- 
ther precipitates nor is precipitated by the regulus in 
24 hours from the vitriolic acid. Tin precipitates the 
regulus from the nitrous acid; but if regulus be put 
into a fohuion of tin in the fame acid, neither of the 
Is will be found in the liquid in 16 hours, cither 
reafon of the dephlogifticationor of the union of the 

r»it_ formed c j lccs to each other. 

by iron re- j j ^ prC(: ;,,j ute regulus of antimony en- 

jnilusof an- , * . ' .' • 1 1 . r r 

timouy, tircly from the marine acid; but feems to form a 
and marine triple fait, confuting of the acid and both calces. 

■ 
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Solution of arfenic in vitriolic acid acts upon : 
lead, copper, nickel, and zi 

I fc< ipitatcd by iron 
from the nitrous acid, though it is by c< | 

lilver giv< t white precipitate. Regulus 

fenic, in.' , |y in 

16 hours: whence the former precipitate feeini 
a triple fait. Mercury alfo flightly pre ipitates ai fenic 
dus acid, . s to unite v. ah it, 

though it is itafelf precipitated by . uic in 

24 hears. 

Bifmuth (lightly precipitates aifenic from fpirit of 
nitre, but regulus of ark uic forms a copious precipi- 
tate in the nitrous fplul Minuih ; lo that Mi 
Kirwan is of opinion that the calces unite, it is not 
precipitated from this acid by nickel, but the calces 
unite. Though regulus of arfenic produces a copious 
precipitate in the fohuion of nickel in nitrous acid, yet 
the liquor remains green ; fothat the nickel is certainly 
not precipitated. 'J he .white precipitate in this cafe 
feems to be arfenic (lightly dcphle>gifticaied. Regu- 
lus of arfenic alfo produces a white precipitate in the 
nitrous folution of cobalt, but the liquor Hill continues 
red. 

Regulus of arfenic is precipitated from the marine 
acid by copper ; but the precipitate does not (Inke a 
blue colour with volatile alkali, becaufc the metal 
unites with the arfenic. The aifenic is alfo precipi- 
tated by iron. Tin is foluble in marine folution of ar- 
fenic, but Mr Kirwan could not obferve any precipi- 
tation ; nor does regulus of arfenic precipitate tin. 
Neither bifmuth nor regulus of arfenic precipitate each 
other from marine acid in 16 hours. Regulus of an- 
timony is alfo a&ed upon by the marine folution of ar- 
fenic, though it caufes no precipitate, nor does the- 
regulus of arfenic precipitate it. 

5 2. Of the Quantities of Acid, Alkali, ire. contained 
in different Salts, ivith the Specific Gravity cf the In- 
gredwnts. 

It is a problem by which the attention of the belt 
modern chemifts has been engaged, to determine the 
quantity of acid exifting in a dry flate in the various 
compound falts, refnlting from the union of acid with 
alkaline, earthy, and metallic fubftances. In this way 
Mr Kirwan has greatly excelled all others, and deter- 
mined the matter with an accuracy and precifion alto- 
gether unbooked for. His decifions are founded on the 
following principles. 

1. That the fpecific gravity of bodies is their weight Specific 
divided by an equal bulk of rain or diflilled water ; the gravity of 
latter being the ltandard with which every other body bodies how 
is compared. found. 

2. '1 hat if bodies fpecifically heavier than water be 
weighed in air and in water, they lofe in water part 
of the weight which they were found to have in air ; 

and 



37o 

And. by 
copper 
fi om the 
marine » 
cid. 



37' 



Theory. 



C H E M I S 



T 



R V. 



49 



Contents, and that the weight fo loft is juft the fame as that of 

&c. of the a n equal bulk of water ; ^nd confequently, that their 

! ? alts ' fpecific gravity is equal to their weight in air, or ab- 

folute weight divided by their lofs of weight in 

water. 

3. That if a folid, fpecifically heavier than a liquid, 
be weighed firft in air and then in that liquid, the 
weight it lofes is equal to the weight of an equal vo- 
lume of that liquid ; and confequently, if fuch folid 
be weighed firft in air, then in water, and afterwards 
in any other liquid, the fpecific gravity will be as the 
weight loft in it by fuch folid, divided by the lofs of 
Weight of the fame folid in water. This method of 
finding the fpecific gravity of liquids, our author found 
more exadt than (hat by the aerometer, or the compa- 
nions of the weights of equal meafures of fuch liquids 
and water, both of which are fubject to feveral inaccu- 
3?a racies. 
To find the 4- That where the fpecific gravity of bodies is al- 
weight of ready known, we may find the weight of an equal 
an equal bulk of water ; it being as the quotient of their abfo- 
bulk of wa- j llte weight divided by their fpecific gravities : and this 

tk 7 'dfic ^ e ca ^ s tne ^ r ^ s °^ we *g nt m water. 
gravity ^is Thus where the fpecific gravity and abfolute weight 
known. °f the ingredients of any compound are known, the 
fpecific gravity of fuch compound may eafily be calcu- 
lated ; as it ought to be intermediate betwixt that of 
the lighter and that of the heavier, according to their 
feveral proportions: and this Mr Kirwan calls the t»a- 
. thsmaticql fpecific gravity. But in fact the fpecific 
tical fpeci- gravity of compounds, found by actual experiment, 
fie gravity feldom agrees with that found by calculation ; but is 
explained, often greater, without any diminution of the lighter 
ingredient. This increafe of denfity, then, Mr Kirwan 
fuppofes to arife from a clofer union of the component 
parts to each other than either had feparately with its 
own integrant parts ; and this more intimate union 
muft, he thinks, proceed from the attraction of thefe 
parts to each other : for which reafon he fuppofed, 
that this attraction might be eftimated by the increafe 
of denfity or fpecific gravity, and was proportionable 
to it ; but foon found that he was miftaken in this 
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point. 

With regard to the abfolute weights of feveral forts 
of air, our author adheres to the computations of Mr 
Fontana, at whofe experiments he was prefent ; the 
thermometer being at 55 °, and the barometer at 291 
inches, or nearly fo. Thefe weights were as follow : 
Cubic inch of common air, - 0.385 
fixed air, - 0.570 

marine acid air, 0.654 

nitrons air, - 0.399 

Vitriolic acid air, 0.778 

alkaline air, - 0.2 

inflammable air, 0.03 

Mr Kirwan begins his inveftigations with the marine 
acid ; endeavouring firft to find the exact, quantity of 
pure acid it contains at any given i'pecii'ic gravity, and 
then by means of it determining the weight of acid 
contained in all other acids. For if a given quantity 
of pure fixed alkali were faturated, firft by a certain 
quantity of fpirit of fait, and then by determined 
quantities of the other acids, he concluded, that each of 
thefe quantities of acid liquor muft contain the fame 
quantity of acid ; and this being known, the remain- 



der, being the aqueous part, mnft alfo be known* rontent?, 
This conclulion, however, refUd entirely on the lup- &c.ofthe 
poiition that the fame quantity of all the acids was . a ts * 
requiiite for the faturation of a given quantity of fixed 
alkali j for if fuch given quantity of fixed alkali might 
be faturated by a fmaller quantity of one acid than of 
another, the conclulion fell to the ground. The 
weight of the neutral falts produced might indeed de- 
termine this point in fome meafure ; but itill a fource 
of inaccuracy remained ; to obviate which he ufed the 
following expedient. 1. He fuppofed the quantities 
of nitrous and vitriolic acids neceiTary to faturate a 
given quantity of fixed alkali exactly the fame as that 
of marine acid, whofe quantity he had determined ; 
and to prove the truth of this fuppofition, he obferved 
the fpecific gravity of the fpirit of nitre and oil of vi- 
triol he employbd, and in which he fuppofed, from 
the trial with alkalies, a certain proportion of acid and 
water. He then added to thefe more acid and water, 
and calculated what the fpecific gravity mould be on 
the above fuppofition ; and finding the refult agreeable 
With the fuppofition, he concluded the latter to be 
exact. The following experiments were made on the 
marine acid. 377 

Two bottles were filled nearly to the top with di- MetLo d of 
ftilled water, of which they contained in all 1399.9 Ending the 
grains, and fucceffively introduced into two cylinders i P eci . fic 
filled with marine air ; and the procefs was renewed, f r — ! f ^f° 
until the water had imbibed, in 18 days, about 794^. 
cubic inches of the marine air. The thermometer did 
not rife all this time above 55° ; nor link, unlefs perhaps 
at night, above 50 ; the barometer (landing between 
29 and 50 inches. This dilute fpirit of fait then 
weighed 1 920 grains ; that is, 520.1 more than before ; 
the weight of the quantity of marine air abforbed. 
The fpecific gravity of the liquor was found to be 
1.225. Its hofs of weight in water (that is, the weight 
of an equal bulk of water) fhould then be 1567.346 
nearly ; but it contained only, as we havefeen, 1399.9 
grains of water : fubtracting this therefore from 
1567.346, the remainder (that is, 167.446) muft be 
the lofs of 520.1 grains of marine acid ; and confe- 
quently the fpecific gravity of the pure marine acid, 
in fuch a condenfed ftate as when it is united to water, 
muft be T i;; T "i 7 , or 3.100. 

Still, however, it might be fufpected, that the den- 
fity of this fpirit did not entirely proceed from the 
mere denfity of the marine acid, but in part alfo from 
the attraction of this acid to water ; and though the 
length of time requifite to make the water imbibe this ■ 
quantity of marine acid air, naturally led to the fuppo- 
fition that the attraction was not very conliderable, yet 
the following experiment was more fatisfactory. He 
expofed 1440 grains of this fpirit of fait to marine acid 
air for five days, the thermometer being at 50°, or be- 
low ; and then found that it weighed 1562 grains, and 
confequently had imbibed 122 grains more. Its fpeci- 
fic gravity was then 1.253, which was precifely what 
it (hould have been by calculation. ..g 

Being now fatisfied that the proportion of acid in To find the 
fpirit of fait was difcovered, our author determined to proportion 
find it in other acids alfo. For this purpofe he took ° f P ure air 
1 80 grains of very ftrong oil of tartar per J. liquium, and In °. r ~ 



found that it was faturated by i?o grains of fpirit 

of fait, whofe fpecific gravity was 1.225 ; and by 
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of water. 

, with 

10410 1 
1 1 having a fpccific 
e latter weighing only 1.074. 
\ ity ot' the 
ncr to 
1 1 1. 190 ; but we arc told in the 
1 700, that Mr g had pro- 

1 as 1.300 ; and 

by Dr Prieflley, by faturating water with 
ir, mail have been about 1.500. The 
1 of fait, t' whofe fpeci 1.261, 

but little attraction for water, and therefore at- 
; for which reafon alio it docs 
the ball of a thermometer, as the vitriolic 
and nitrous acids do ; though Mr Cavallo found that 
this alio had fome < i the thermometer. Com- 

mon fpirit of fait, Mr Kirwan informs us, is always 
adulterated with vitriolic acid, and therefore unlit for 
ials. 

.win now fet about invefligating the quanti- 

. water, and fixed alk di, in-digeftive fait, or 

itioni of the marine acid with vegetable al- 

ae took 100 grains of a folu- 

ion of t< iblc alkali, thai had been 

three times calcin< d to whitenefs, the fpeciiic gr 

stf which was 1.097; diluting alio the fpitit of {alt 

with portions of water ; the fpeciiic gravity 

of one fort being 1.015, andof another 1.098. He 

then t the above quantity of folution qi the 

.able alkali required for its fatu ration 27 grains 

of that fpirit of fait whofe fpeciiic gravity was 1.093,, 

ins of that whofe fpccific gravity was 

1.1 1 . rains of fpirit of alt, whofe fpe- 

• 1.098, contain 3.55 grains of marine 

appears by calculation. The principles on 

ions of this kind are founded, our author 

, in the words of Mr C 

Che data requiiite arc the fpeciiic gravities of the 

andof the two ingredients. Then, as the 

rence of the fpeciiic gravities of the mixture and 

«°fthcli rredient is to the difference of the fpe- 

itics of the mixture and the heavier ingrcui- 

the magnitude of the heavier to the magni- 

f the lighter ingredient. Then, as the magni- 

f the heavier, multiplied into its fpeciiic gravity, 

itude or the lighter multiplied into its 

; fo is the weight of the heavier to the 

u of the lighter. Then, as the fum of thefe 

to the weight of either ingredient; ibis the 

i\ en to the weight of the ingredient fought." 

lie prefent cafe, 1.098 — 1.000=1.098 is the 

; itude of the heavier ingredient, viz. the marine 

I .09^x3.100=0.3038 the weight of the ma- 

. other hand,. 3. 100 — 1.098=2.002, 

the magnitude of the water; and 2.002x1.000—2.002 

j the I mof thefe weights is 2.3058: then 

parts of fpirit of fait contain o.;o;8 parts 

of this fpirit of fait will contain 3.55 

the fame manner it will be found, that 

ins of fpirit of fait, whofe fpccific gravity is 

. : j grains acid. 

. c ribes very particularly his method of 
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rent ingrc 
• iriif.. 



.nation of the alkali with the acid i l 
which, always difficult to hit with prccLGoi 

fcribe. " It was performed b) pul ■ - v 
nder which contained the alkaline li ! - 381 

n the fcale of a very fcniiblc balance, and at the Mr Kir- 

I ing the acid liquor in another pair of " ai 
; when the lofs of weight indicated the elcapc oi thodofla- 

quan tides of fixed air contained in ^JieVcid 
u. Then the acid was gradually added by dip- aiu) a n a jj 
ping a glals rod in it, to the top of which a I, | w ith a cc»- 

of acid adhered. \\ ith this the folution was ftirfed, my. 
and very fmall drops taken up and laid upon bits of 
paper flained blue with radifh juice. As icon as the 
was in the leaf! reddened, the operation was 
completed ; fo-that there was always a very fmall ex- 
cels ofaeid, for which half a grain was conJlantly al- 

, ; but no allowance was made for the iixed air, 
which always remains in the folution. But as on this 
account only a fmall quantity of the alkaline folution 
was ufed, this proportion of fixed air mnft have been 
inconfiderable. If one ounce of the folution had 
employed, this inapprctiable portion of fixed air, would 
be fufficient to caufe a feniiblc error; for the quantity 
of fixed air loll by the difference betwixt the weight 
added to the 100 grains and the actual weight of the 
compound was judged of; and when this difference 

ated to 2.2 grains, the whole of the fixed air was 
judged to be expelled : and it was found to be f b ; as 
100 grains of the alkaline folutkm, being evaporated 
to drynefs, in the heat of 300°, left a reUouum which 

lied to 10V grains, which contained 2.2 grains 

'•" 38a 

The refult of this experiment was, that 8.3 grains Quantity 
of pure vegetable alkali, freed from hxt d air and water, ptmild and 
or 10. J of mild iixed alkali, were faturated by 3.55 caiiftic 
grains of pare marine acid ; and consequently the re- v n gc . r . :i ^ 
fulting neutral fait fliculd, if it contained no water, *i_j \ rrm 
b 11.85 grains: but the falts refulting from this„ ivtn 
(the folution being evaporated to perfect dry- weight of 
nefs in a heat of 160 degrees, kept up for four hours) murine 

ed at a medium 12.66 grains. Of this 11.85 acid - 
grains w ere acid and alkali ; therefore the remainder, 
viz. 0.81 grains, were water. An hundred grains of 
ctlj dry digeftive fait contain 28 grains acid, 
6.55 of wafer, and 65.4 of fixed alkali. 

in -his experiments on the nitrous acid, Mr Kirwan 
made ufc only of the dephlogiflicated kind, which ap- ,g. 
pears pare and eolourlefs as water. " This pure acid Nitrous 

lie) cannpt be made to exift in the form of air, as arid, when 
Dr Prieflley has mown ; for when it is deprived of pure, can- 
water and phlogiilon, and furniihcd with a due pro- rotl)e 

portion of elementary fire, it ceafes to have the pro- , "^ c . t0 

c 1 11 j -Li -n- 1 • < Mil in an 

perties of an acid, and becomes dephlogifhcated air. itr ; a i 

Its proportion therefore could not be determined in form, 
fpirit of nitre as the marine acid had been in fpirit of 
fait in the laft experiment." — To determine the mat- 
ter, the following experiments were made. ,g. 

1. To 1962.25 grains of dephlogiiticated fpirit of Howtode- 

nitre, whofe fpeciiic gravity was 1.419, he gradually ttrmine 

added 17* diililled water; arid when it the quanti- 

coolcd, the fpccific gravity of the mixture was found *T .°} P ure 
te i ' o r b J acid cen- 

to be l.?tq. . • , • 

r^ " r, r , ■ -n • c tamed in 

2. To 1984.5 of this 178.75 grams of wat( t \. ere fpirit of 

led, and the fpccific gravity of t] re uur«. 

I . -')2. 

:. An hundred grains of a folution of fixed vege-^ 

tabic 
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tablealkali, whofe fpeci fie gravity was 1.097, the fame 
that had been formerly ufed in the experiments with 
, fpirit of fait, was found to be fatnrated by 11 grains 
of the fpirit of nitre, whofe fpecific gravity was 1.419, 
by 12 of that whofe fpecific gravity was 1.389, and by' 
1 3.08 of that whofe fpecilic gravity was 1.362. Thefe 
quantities were the medium of live experiments ; and 
it was found necelTary to dilute the acid with a fmall 
quantity of water. When this was neglected, part of 
the acid was phlogifticated, and flew olf with the fixed 
air. Ten minutes were alio allowed after each affii- 
fion for the matters to unite ; a precaution which was 
likewife found to be abfolutely neceflary. 

Upon the fuppoiition, therefore, that a given quan- 
tity of vegetable fixed alkali is faturated by the fame 
weight of both acids, we fee that ir grains of fpirit of 
, f.,j r j t f nitre, whofe fpecific gravity is 1.419, contain the 
fait. fame quantity of acid with 27 grains of fpirit of fait, 

whofe fpecinc gravity is 1.098, or 3.55 grains. The 
remainder of 1 1 grains, or 7.45 grains, is therefore 
mere water ; and of confequence, if the denlity of the 
acid and water had not been increafed by their union, 
-g5 the fpecific gravity of the pure nitrous acid ihould be 
To find the 1 1.8729. But the fpecific gravity of the nitrous, as 
fpecificgra- well as of the vitriolic acid, is augmented by its union 
vity of the with water ; and therefore the lofs of its weight in 
pure ni- water i s uot cx.acl.ly, as it would appear by calculation 
rou ^g a " ' from the above premifes, according to the rules al- 
j.j ow t0 ,j e _ ready laid down. To determine therefore the real 
terminethe fpecific gravity of the acid in its natural ftate, the 
accrued quantity of accrued denfity muft be found, and fub- 
denfityon traded from the fpeciffc gravity of the fpirit of nitre, 
mixing fpi- w h f e tme mathematical fpecific gravity will then 
nt of nitre appear# Thi$ our aut hor endeavoured to effect 

Wltn Wa- . rr . . ,.rc ■ r c ■ ■ c ■ 1 

ter. by mixing different portions of fpirit of nitre and 

water, remarking the degree of diminution they fuf- 
tained by fuch union ; but was never able to attain a 
fufficient degree of exactnefs in the experiment. He 
had recourfe therefore to the following method, as af- 
fording more fatisfaction, though not altogether accu- 
rate. Twelve grains of the fpirit of nitre, whofe fpe- 
cific gravity by obfervation was 1.389, contained, as 
our author fuppofed from the former experiment, 3.55 
grains of real acid, and 8.45 of water: then if the 
fpecific gravity of the pure nitrous acid were 11.872, that 
of this compound acid and water ihould be 1.3 71 ; for 
the lofs of 3.55 Ihould be 0.299, aU( ^ tne ^ s °f tne water 

8.45, the fum of the loifes 8.749. Now,— JL£_— 1.371 : 

8.749 
but the fpecific gravity, as already mentioned, was 
T.389 : therefore the accrued denfity was at lead 0.18. 
the difference betwixt 1.389 and r.371. This calcu- 
lation indeed is not altogether exact. : but our author 
concludes, that 0.18 is certainly a near approximation 
.to the degree of denfity that accrues to 3. £5 grains of 
acid by their union to 7.45 grains of water: there- 
fore, uibtracting this from 1. 419, we have nearly the 
mathematical fpecific gravity of that proportion of 
■jgg acid and water, namely, 1.401. 
Todeter- -Again, fimce ir grains of this fpirit of nitre contain 
minethe 3.55 grains acid, and 7.45 of water, its lofs of weight 

tkalfpeci- fhould beJ_ — =7.855; and fubtracling the lofs of 

fie gravity , 1.401 

•fthisacid the aquroas part from this, the remainder 0.45 is the 



lofs of the 3.55 grains acid ; and confequently the true Cor 
fpecific gravity of the pure and mere nitrous acid is &c. ofthe 

2 re Salts. 

_ilL > _=8.7654. This being fettled, the mathematical ' * ' 

0.405 

fpecific gravity and true increafe of denlity of the 

above mixtureswill be found. Thus the mathematical 

fpecific gravity of 12 grains of that fpirit of nitre, 

whofe fpecific gravity, by obfervation, was 1.389, muft 

be 1-355 ; fuppoiing it to contain 3.55 grains acid 

and 8.45 of water. For the lofs of 3.55 grains acid 

is— i—lL— 0.405, and the lofs of water 8.45; the 
8.763 

fum of thefe loffes is 8.855. Then — LH._zrr.q55 ; and 

8.855 
confequently the accrued denfity is 1.389 — 1.355—034. 
In the fame manner it will be found that the mathe- 
matical fpecific gravity of 13.08 grains of that fpirit 
of nitre, whofe fpecific gravity by obfervation was 
1.362, muft be 1. 315; and confequently its accrued 
denfity .047. 3 % 9 

The whole of this, however, ftill refls on the fup- Experi- 
pofition that each of thefe portions of fpirit of nitre nient to de- 
contain 3.55 grains of acid. To verify this fuppofi- tcrmuie 
tion, our author examined the mathematical fpecific gra- . ( l" an " 
vilies of the firft mixture he had made of fpirit of nitre ^ddL fpi- 
and water in large quantities ; for if the mathematical r it f nitre, 
fpecific gravities of thefe agreed exactly with thofe of 
the quantities he had fuppofed in fmaller portions of 
each, he could not but conclude that the fuppofitions of 
fuch proportions of acid and water, as he had deter- 
mined in each, were juft. ^ 
This being determined by proper calculations, Mr Table of 
Kirwan next proceeded to conftruct. another table of ipedficgra- 
fpecific gravities, continuing his mixtures, till the ma- yit } e . & for 
thematical fpecific gravities found by obfervation J? 1 " 1 °"; 
nearly coincided with thofe made by calculation. In " 
this table the fpirit of nitre was mixed with water in ted" 
various proportions, but after a different manner from 
that obferved with the fpirit of fait. Nine grains of 
the fpirit containing 3.55 grains of pure acid were 
mixed with 5.45 of water ; the accrued denfity of the 
mixture was found to be nothing, the mathematical 
fpecific gravity 1.537, and the fpecific gravity by ob- 
fervation was found the fame. When 10 grains of 
fpirit were mixed with 6.45 of water, the accrued den- 
fity was 0.009, tne mathematical fpecific gravity 
1.458, and the fpecific gravity by obfervation 1.467. 
In this manner he proceeded until 38.90 grains of 
water were mixed with 42.45 of fpirit. In this cafe- 
the accrued denfity was found to be 0.002, the mathe- 
matical fpecific gravity 1.080, and the fpecific gravity 
by obfervation 1.082. 

The intermediate fpecific gravities, in a table of this 
kind, may be found by taking an aiithmetical mean be- 
twixt the fpcciilc gravities, byobfervation, betwixt which 
the dciired fpecific gravity lies, and noting how much it 
exceeds or falls fhort of fuch arithmetical mean ; and 
then taking alfo an arithmetical mean betwixt the ma- 
thematical fpecific gravities betwixt which that fought 
for mult lie, and a proportionare excefs or defect. 

The fpecific gravity of the ftrongcit fpirit of* 'nitre 
yet made, is, according to Mr Baume, 1.500, and ac- 
cording to Mr Bergman 1.586. 
Our author next proceeded to examipt the propor- 
G 2 tion 
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'.ici 1, water, u i in nitre, in a man- 

■^ ofihe | . hehadalri with digeftive 

(alt; i oo grains of perfectly dry nitre 

. 5.201 water, and 66.32 
Ikali. 

tic fame kind had been made 

1 .!• refults of \\ hich our author cum- 

tc^iin'j * ' . The fj ciiic gravity of 

j.j the fpirit of nitre which M. Hombcrg made life of 

1.349; * ! ' °f tn ' s > nc ^ a >' s > 0I1C tKlllcl 
nperi- dracb or 621 troy grains, are requi- 

1 faturate one French ounce (472.5 troy) or dry 
P arctl • of tartar. According to Mr kirwan's co;. 

Vr'V* Uoa, however, 613 grain-, arc fuilicicnt ; for the ipeci- 
wau> ' , avitylies between the fpecific gravities byobfer- 

1 1.36a aid 1.3^7, and is nearly an arithmeti- 
cal mean between them. The correfponding mathe- 
matical fpecific gravity lies between the quantities 
ed in Mr Kirwan's tabic 1.3 15 and 1.2S6, being 
nearly 1.300. Now the proportion ofacid and water in 
this is 2.629 of acid and 7.465 of water ; fox 8.765 — 
1.300=7.465 of water, and 8.765X-3oo = 2.629 of 
acid; and the linn of both is 10.044. Now, finer 
I0.5 grains oi mild vegetable alkali require 3.53 grains 
of acid for their faturation, 472.5 will require 159.7 ; 
therefore if 10.044 grains of nitre contain 2.629 
grains acid, the quantity of this fpirit of nitre requi- 
site to give 159.7 will be 613.2 nearly, and thus the 
difference with M. Homberg is only about eight grains. 
Different M* Homberg fays he found his fall, w hen cvapo- 

refults of rated to drynels, to weigh 186 grains more than bc- 
Homberg fore, but by Mr Kirwan's experiment, it lhould 
and Kir- weigh but 92.8 grains more than at rirft ; the caufc of 
wan sex- which difference will be mentioned in treating of vi- 
'.xoanted n 'i° ,>atCl ' tartar, as it cannot be entirely attributed to 
' 1#ri the difference of evaporation. 

He alfo aliens, that one ounce (472.5 Troy grains) 
of this fpirit of nitre contains 141 grains of Troy of 
real acid. According to Mr Kirwan's computation, 
however, it contains only 123.08 grains of real acid. 
But this difference evidently proceeds from his neglect- 
ing the quantity of water that certainly enters into 
the compoiition of nitre ; for he proceeds on this ana- 

194 lo ^y» 621 : l86 - 6 : : 472.5 : Mi- 

Kir- ( ^ :r author obferves, that the proportion of fixed 

wan'sex- alkali affigned by him to nitre is fully confirmed by an 

reriment* experiment of Mr Fontana's inferted in Fvozier's Jour- 

cenfiraed n al for 1773. Hedecompofed two ounces of nitre by 

by one of t H ft i 11 i ii ig it w nth a ftrong heat for 18 hours. After the 

iontana. diltillation there remained in the retort a fubftance 

purely alkaline, amounting to 10 French drachms and 

22 grains. Now two French ounces contain 945 

is Troy, and the alkaline matter 6o7 grains of 

the fame kind : according to Mr Kirwan's com- 

i >n the two ounces of nitre ought to contain 625 

s of alkali. Such a fmall difference he fuppofes 

to proceed from the lofs in transferring from one vef- 

fcl to another, weighing, filtering, evaporating, ire. 

Mr Kirwan alfo (hows in a very particular manner the 

ement of his calculations with the experiments of 

M. Lavoiiier on mercury diuolved in fpirit of nitre; but 

uur limits will not allow us to infert an account of them. 

When finding the quantity of pure acid contained 

In oil of vitriol, our author made ufe of fuch as was 

- phlogiriicatcd; but, though pale, yet a little in- 
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dining to red. It contained fome whitifii m.nun, l Cort e n t ^ 
he preccived by its growing milky on the affuiion ot tVl - o*th» 
pure dillilled v, ater ; but he imagines ii was as pure a.^ \| :l1 ' '• 
the kind ufed in all experiments. ?T 5 

To 2519.75 grains oi" this oil of vitriol, whof( ri- 

cilic gravity was 1.819, he gradually added 1 80 grains menu •■ 
ol dillilled water, and fix hours after found its fpcci- ° 1 . 1 l - 1 V1 " 
lic gravity 10 be 1.771. — I'o this mixture he again 
added 178.75 grains of water, and found its fpecific 
gravity, when cooled to the temperature of the atmo- 
, to be 1. 719, at which time it was milky. The 
lame quantity of the oil of tartar abovemeniioned was 
then faturated with each of thefc kinds of oil of vitriol 
in the manner already defcribed. The faturation 
effected (taking a medium of five experiments) by 6.5 
grains ot that w hole fpecific gravity w as 1.8 19, by 6.96 
grains of that whole fpecinc gravity was 1.771, and 
by 7.41 of that whole fpecific gravity was 1.719. 2,96 

It was found neceflarj 10 add a certain proportion Dilution of 
of water to each of irts of oil ol vitriol ; for uil <t vi- 

when they were not diluted, part of the acid was tno1 W,1 T 
uticated, and went off with the iixedair; but nc "' ffaryin 
knowing the quantity of water that was added, it was -^"^ 
eafy to find by the rule of proportion the quantity of 
each fort of vitriol that was taken up by the alkali. 
Hence it was fuppofed, that each of thefc quantities 
of oil of vitriol of different denfities contained 3.55 
grains of acid; as they faturated the fame quantity of 
vegetable lixed alkali with ti grains of fpirit of nitre, 
which contained that quantity of acid. „> 

It was next attempted to find the fpecific gravity To find the 
of the pure vitriolic acid in a manner fimilar to that fpecificgra- 
by which the gravity of ihe nitrous acid was found ; vityofpur* 
as it cannot be had in the fhape of air, unlefs when v ' t . nol,c 
united with fuch a quant iiyofphlogifion as quite alters its aa 
properties. The lofs of 6.5 grains of oil of vitriol, whofe 

fpecific gravity is 1.8 19, is — iL- := 3.572 ; but as 

1. 819 

thefc 6.5 grains contained, bclides 3.55 of acid, 2.95 

of water, the lofs of this muff be fubtracled from the 

entire lofs ; and then the remainder, or 0.622, is the 

lofs of the pure acid part in that ftatc or denfity to 

which it is reduced by its union with water. The fpe- 

cilic gravity, therefore, of the pure vitriolic acid, hi 

this ftate of denfity, isJLLL - 5.707. But to find 

0.622 
its natural fpecific gravity, we muft find how much 
its denfity is increaied by its union with this quantity 
of water : and in order to obferve this, he proceeded 
as before with the nitrous acid. 6.96 grains of oil of 
vitriol, whofe fpecific gravity was 1.771, contained 
3.55 of acid and 3.41 of water ; then its fpecific gra- 
vity by calculation mould be 1.726; for the lofs of 

3.55 grains of acid 13 _Jll 5 _ = 0.622; the lofs of 3.41 

5-707 
grainsofwatcris3.4i ; the fumofthelofTes 4.032 : then 

= 17.16; therefore the accrued denfity is 1.771 



4.032 

— 1.726=0.45. Taking this therefore from 1.819, 
its mathematical fpecific gravity will be 1.774. Then 
the lofs of 6.5 grains of oil of vitriol, whofe fpecific 
gravity by obfervation is 1.8 19, will be found to be 

—111- = 4.663; but of this, 2.95 grains are the lofs 
1-774 

tf 
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of the water k contains, and the remainder 0.714 are 

the lofs of the mere acid part. Then — ?'* f .. is near- 

0.714 
ly the true fpecific gravity of the pure vitriolic acid. 
The fpcciiic gravity of the molt concentrated oil of 
vitriol yet made, is, according to M. Baume and Berg- 
man, 2.125. 

Mr Kirwan now constructed a table of the fpecific 
gravities of vitriolic acids, of different ftrengfhs, in a 
manner fimilar to thofe conftructed for fpiric of fait 
,~g and fpirit of nitre ; but for which, as well as the others, 
Quantity of we muft refer to Phil. Tranf. vol. 71. He then pro- 
acid, alkali, ceeded to find the proportion of acid, water, and fix- 
&ud water, e( J alkali, in vitriolated tartar as he had before done 
in vitnola- m (£ digeftivus and nitre. — He found the falts re- 
iatermined ^ l -^ n i fr°. m tne ^titration of the fame oil of tartar, 
. with portions of oil of vitriol, of different fpecific gra- 
vities, to weigh at a medium 12,45 grains. Of this 
weight only 11.85 grains were alkali and acid. The 
remainder, therefore, was water, viz 0.6 of a grain. 
Confequently 100 grains of perfectly dry tartar vitrio- 
late contain 21.58 grains acid, 4.82 of water, and 
66.67 of fixed vegetable alkali. — In drying this fait, a 
heat of 240 degrees was made ufe of, to expel the 
adhering acid more thoroughly. It was kept in this 
heat for a quarter of an hour. 

According to Mr Homberg, one French ounce, or 
472.5 grains troy, of dry fait of tartar, required 297.5 
Homberg grains troy, of oil of vitriol, whofe fpecific gravity 
accounted was 1. 6 74 to faturate it : but by Mr Kirwan's calcu- 
& r ' lation, this quantity of fixed alkali would require 325 

grains ; a difference which, considering the different 
methods they made ufe of for determining the fpeci- 
fic gravities (Homberg's method by menfuration, 
giving it always lefs than Mr Kirwan's) the different 
deficcation of their alkalies, &c. may be accounted in- 
confiderable. 

The fait produced, according to Mr Homberg, 
weighed 182 grains troy above the original weight of 
the fixed alkali ; but by Kirwan's experiment, itihould 
weigh but 87.7 grains more. " It is hard to fay (adds 
Mr Kirwan) how Mr Homberg could find this great 
excefs of weight, both in nitre and tartar vitriolate; 
unlefs he meant by the weight of the fait of tartar the 
wei Hit of the mere alkaline part diltind from the fix- 
ed air k contained : and indeed one would be tempted 
to think he did make the diftinction ; for in that cafe 
the excefs of weight would be nearly fuch as he de- 
termined it." 

From Mr Homberg's calculations, he inferred that 
one ounce (472.5 grains) of oil of vitriol contains 
291.7 grains of acid. Mr Kirwan computes the acid 
only at 2 r 3. ^ grains ; but Homberg made no allowance 
for the water contained in tartar vitriolate ; and ima- 
gined the whole increafe of weight proceeded from the 
acid that is united in it to the fixed alkali. Now the a- 
queous part in 560 grains of tartar vitriolate amounts 
to ;6 grains ; the remaining difference may he attri- 
buted to the different degrees of deficcation, &c. 
On the acetous acid Mr Kirwan did not make any 
grav.ty of experiment; but by calculating from thofe of Hom- 
the^.cetous berg, he finds that the fpecilic gravity of the pure 
actions acid, free from fuperrluous water, fhonld be 
2.;o. " It is probable (fays Mr Kirwan), that its 
arhukv to water is not ftrong enough to caufe any ir- 
regular increafe in its denlity ; at leail what can be 
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cxpreffed by three decimals : and hence its proportion Contents, 
of acid and water may always be calculated from its &c - ofth « 
fpecific quantity and abfolute weight." Salts - 

An hundred parts of foliated tartar, or, as it 
fhould rather be called, acetous tartar, contain, when 
well dried, 32 of fixed alkali, 19 of acid, and 49 parts 
of water. — The fpecific gravity of the ftrongeft con- 
centrated vinegar yet made is 1.069. — It is more dif- Specific 
ficult to find the point of faturation with the vegetable g rav ity of 
than with the mineral acids, becaufe theycontaina muci- 
lage that prevents their immediate union with alkalies ; 
and hence they are commonly ufed in too great quan- 
tity : they fhould be ufed moderately hot, and fuifi- 
cient time allowed them to unite. 

From all the experiments above related, Mr Kirwan Vegetable 
concludes, 1. That the fixed vegetable alkali takes up fixed aika- 
an equal quantity of the three mineral acids, and pro- h takes U P 
bably of all pure acids; for we have feen that 8.3 anequal f 
grains of pure vegetable alkali, that is, free from fix"- SJ^JfJ,* 
ed air, take up 3.55 grains of each of thefe acids ; and n era ] ac ida. 
confequently too parts of cauftic fixed alkali would 
require 42.4 parts of acid to faturate them. But Mi- 
Bergman has found that 100 parts of cauitic fixed ve- 
getable alkali take up 47 parts of the aerial acid ; which, 
confidering that his alkaii might contain fome water, 
differs but little from that already given. It fhould 
feem, therefore, that alkalies have a certain deter- 
mined capacity of uniting to acids, that is, to a given 
weight of acids ; and that this capacity is equally fa- 
tiated by a given weight of any pure acid indifcrimi- 
nately. This weight is about 2.35 of the vegetable 
alkali. 

2. That the three mineral acids, and probably all Quantity of 
pure acids, take up 2.253 times their own weight of the alkali 
pure vegetable alkali, that is, are faturated by that neceffary to 
quantity. • faturate the- 

3. That the denfity accruing to compound fub- aci s * 
fiances, from the union of their compound parts, and incrtafe of 
exceeding its mathematical ratio, increafes from a mi- denfity in 
ntmum t when the quantity of one of them is very fmall compound 
in proportion to that of the other ; to a maximum, when fubltances- 
their qualities differ lefs : but that the attraction, on 

the contrary, of that part which is in the fmalleft 
quantity to that which is in the greater, is at its maxi- 40? 
mum when the accrued denfity is at its minimum ; but Why de- 
not reciprocally : and hence the point of faturation is compofi- 
probably the maximum of denfity and the minimum of tioils ar e 
fenfible attraction of one of the parts. Hence no de- ^ ome - 
compofition operated by means of a fubffance that has times in " 
a greater affinity with oncpartof a compound than with and othc^- 
the other, and than thefe parts have with each other, wife, 
can be complete, unlefs the minimum affinity of this 406 
third fubftance be greater than the maximum affinity w,1 y tn e 
of the parts already united. Hence alfo few decom- laft P ort 'on» 

pofitions are complete, unlefs a double affinity inter- r\ s 7 
1 1 1 1 n. • rir , nance ob- 

vencs i and hence the laft portions or the leparated ftinatelv 
fubftance adhere fo obffinately to that with which adhere to 
it was rirff united, as all chemiffs have obferved. — that with 
Thus, though acids have a greater affinity to phlo- which it 
gifton than the earths of the different metals have to wasiin 'ted. 
it, yet they can never totally dephlogifticate thefe . -j° 7 
earths but only to a certain degree ,• fo, though at- nevertotat- 
mofpheric air, and particularly dephlogifticatcd air, at- ly dephlo- 
tracis phlogifton more ftrongly than the nitrous acid gifticate 
does, yet not even dephlogifficated air can deprive the metallic 
nitrous acid totally of its phlogifton ; as is evident from ear &*» 

the 
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1 iu like manner from its folution, rt 

d ; auJ thus lcvcral anomalous dccompoii- 

4. That concentrated acids are in fomc meafuxe phlo- 
AHuli • tied, and evaporate by union with fixed all. 

5. That, knowing the quantity of fixed alkali iu 
oil of tartar, we may determine the quantity of real 
pure acid in any other acid fubltance that is difficult- 
ly decompofed ; as the fedative acid, and thofc iu ve- 

cs and animal*. For 10.5 grains of the mild 
tcrmiiiL-thc alkali will always be faturated by 3.55 grains 01 
quantity uf ac jj . an j reciprocally, the quantity of acid in any 
pure acid ac jj i;q. lor Dt ; n g known, the quantity of real alkali 

f-'lji c ""* * :l au ^ vc Z ct3 ^ c alkaline liquor may be found. 

Having thus determined the quantity of acid con- 
tained in the liquids of that kind ufually employed in 
chemiitry, as well as the fpecilic gravities of the acids 
themfelves, Mr Kirwan became delirous of invcAiga- 
ting tlic gravity of lixed ami volatile alkalies. Ri 
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privity of thei'e fubftanccs arc not eafily prefcrved from uniting 
themfelves with lixed air, he was led to conlki 
gravity of this in its fixed fiatc, as an element necci- 
lary for the calculation of the quantities of the alkalies. 
To iind the fpecilic gravity of the fixed vegetable 
alkali, our author proceeded in a manner ftmilar to that 
'•;«'•- already defcribed, excepting that he weighed it in 

'"*" ether in Head of fpirit of wine. The rcfults of his expe- 
li inveftt- .. ' 

uated ninents are. 

' 1. That too grains of this alkali contain about 6.7 

Quantity of gi'ains of earth ; which, according to Mr Bergman, is 

con* (iliccous. It pailes the lilter along with-it when the 

Juried in it. alkali is not faturated with fixed air ; io that it items 

to beheld in folution in the fame manner as in the //- 

414 ijn<>r filicum. 

Quantityef 2. The quantity of tixed air in oil of tartar and dry 

fixed air in vegetable fixed alkali is various at various times, and 

oil of tartar in various parcels of the fame fait ; but in the purer al- 

2, - Jl, y>'y c * kalics it may be reckoned at a medium 21 grains in 

•^ftl IO ° ' aHt " ncnce ^ lc l^njity-of this alkali may very 

nearly be gae*Ted at in a:iy (olution, by adding a known 

wcigiuofany dilute acid to a given weight of fuch a 

...)'i, and then weighing it again ; for as 21 is to 

100, fo is the weight loft to the weight of mild alkali 

ip fuch folution. The fpecilic gravity of mild and per- 

vegetable fixed alkali, four times calcined, 

earth, and containing zipsr t 

fixed air, -527. When-itcw 

probably higher, except 

when it is not pet; ■ ; and hence the fpecilic 

. '. . . I encauAic, was fuppofed by Mr 

be 4.2:4. For this reafon the fixed alkalies, 

.ed to aerial r.cid, arc fpecifically heavier than 

J either ; olic or nitrous. Thus 

Mr IV ., in the Philofaphicai Tr^nfaclions for 

. that hf.fannd the fpecilic gravity of 

,c liliccoL-s can h it natn- 

; . .t ; whereas the fpccifk gravity 

ialt of t - only 2.636, and that of nitre 

- why nitre is fo much lighter than 
1 



ton's ac- 
count of 



that it cot 

Impure \ . . ) ot- 

Accoi 
or 20." 

thefe ■ ith thofc 

purer alkali, the qu 

bly be inthe ratio of 28.4 or 2S.7 to 2r ; but tl 
ditional weight La onl) fixed air. 

on their age ; the okicit coin, ininj air. Our 

author alfo gives a table of the fpecilic gravities of< 
ent folntions of vegetable ilxedalkali, in a manner liniilar 
to w hat he had clone before with the acids. He 1 1 
with 64.9a grains of a folution containing 20.25 
grains of fair, and 38. 67 of water. The accrued den- 
Sty he rinds to be .050, the mathematical fpecilic gra- 
vity 1.445, and the fpecilic gravity by obfervation 
T.495. By continually diluting the folution contain- 
ing the fame quantity of fait, he brings the abfolute 

hi of it at laA to 341.94 grains, of which 31 7-49 
are water ; the accrued denlity 0.01, the mathema- 
tical fpecilic gravity 1.061, and the fpeciiic gravity by 
obfervation 1.062. 

In a fubfequcnt paper on this fubject, Philofophical 
Tranfactions, vol. 72, p. 179, our author corrects a 
final! miAakc concerning the quantity of acid taken up 
by 10.5 grains of mild vegetable alkali. In his former 
computations he had made no allowance for the fmall 
quantity of earth contained in this quantity of alkali ; 
which, though inconlidcrable in it, becomes of confe- 
quence where the quantities are large. The error, how- 
ever, occaiioned by thisomilIion,is fenfiblcin his calcula- 
tions concerning the quantities of acid alkali, &c. con- 
tained in the neutral falts, as well as in that concerning 
the vegetable alkali. When the correction is properly 
made, he fays, it will be found that 100 grains of fuch al- 
kali, free from earth, water, and fixed air, take up 46.77 
of the mineral acids, that is, of the mere acid part ; and 
100 grains of common mild vegetable alkali take up 
36.23 grains of real acid. An hundred grains of per- 
fectly dry tartar vitriolate contain 30.2 r of real acid, 
64-61 of fixed alkali, and 5.18 of water. CryUallizcd 
tartar vitriolate lofes only oncpercetit. of water in a heat 
in which its acid is not feparatcd in any degree ; and 
therefore contains 6.18 of" water. Au hundred grains 
of nitre, perfectly dry, contain 30.86 of acid, 66 of al- 
kali, and 3.14 of water ; but in cryAalli/xd nitre the 
proportion of water is fomewhat greater ; for 100 
grains of thofc cryfials being cxpoied to a heat of 
1S0 for two hours, loA three grains of their weight 
without exhaling any acid fmell ,- but when cxpoied to 
a heat of 200 degrees, the fmell of the nitrous acid is 
diAinctly perceived. Hence 100 grains of cryilallized 

contain 29.89 of mere acid, 63.97 of alkali, and 
6.14 of water. An hundred grains of digeAive fait 
perfectly dry, contain 29.68 of marine acid, 63.47 of 
alkali, and 6.85 of water. One hundred grains of 
cryAallizcd digeAive fait lofe but one grain of their 

in before the fmell of the marine acid is perceived ; 
hence they contain 7.85 grains of water. 
Another miAakc, more difficult to be corrected, was 

l'pofing the mixtures of oil of vitriol and water, 
and fpirit of nitre and water, had attained their maxi- 

of dcnfiiy when they had cooled to the tempera- 
ture 
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ture of the atmofphere ; which at the time he made the 
experiment was between 50 and 6o° of Fahrenheit. 
The mixture with oil of vitriol had been fuffered to Hand 
lix hours; but when the acid was fo much diluted as 
to occafion little or no heat, it was allowed to ft and on- 
ly for a very little time. Several months afterwards, 
however, many of thefe mixtures w r ere found much 
denfer than when he firft examined them ; and it was 
difcovered, that at leaft twelve hours reft was necef- 
fary before concentrated oil of vitriol, to which even 
twice its weight of water is added, can attain its ut- 
molt denfity ; and Hill more when a fmaller pro- 
portion of water is uftd. Thus when he made the 
mixture of 2519.75 grains of oil of vitriol, whofe fpe- 
cific gravity was 1 .81 9, with 1 80 of water, he found its 
denfity fix hours after J. ill, but after 24 hours it was 
1.798 : and hence, according to the methods of cal- 
culating already laid down, the accrued denfity was at 
leaft .064 inftead of .045. But by ufing oil of vitriol 
ftill more concentrated, whofe fpecific gravity was 
1.8846, he was enabled to make a itill nearer approxi- 
mation ; and found, that the accrued denfity of oil of 
vitriol, whofe fpecific gravity is 1.819, amounts to 
0.104, and confequently its mathematical fpecific gra- 
vity is 1. 71 5. Six grains and a half of this oil of vi- 
triol contained, as has been already obferved, 3.55 of 
mere acid, and the remainder was water. The weight 
of an equal bulk of water is 3.79 grains ; and fubtrac- 
ting from this the weight of the water that enters 
into the compofition of the oil of vitriol, it will 
be found, that the weight of a bulk of water equal to 
the acid part is 0.84 ; and confequently the fpecific 
gravity of the mere acid part is 4.226. Thus, by con- 
stantly allowing the mixtures to reft at leaft 12 hours, 
until the oil of vitriol was diluted with four times its 
weight of water, and then only fix hours before the 
denfity of the mixtures was examined, he conftrucled 
another table, in which 1000 grains of liquor contain- 
ed 612.05 °f P ure ac i''> 387.95 of W T ater, the ac- 
crued denfity being .07, and the mathematical fpecific 
gravity 1.877. Increasing the quantity of water till 
the acid weighed 7000 grains, and the water 6387.95, 
he found the accrued denfity .059, and the mathema- 
tical fpecific gravity 1.069. By a fimilar correction 
of his experiments on the acid of nitre, he found its 
denfity to be 5.530 ; a fimilar table was conftructed 
for it, for which we refer our readers to the 72d vo- 
lume of the Philofbphical Tranfactions. 

Thefe experiments were made when the thermome- 
ter flood between 50 and 6o° of Fahrenheit ; but, as 
it might be fufpected that the denfity of acids is con- 
fiderably altered at different degrees of temperature, he 
endeavoured to find, the quantity of this alteration in 
the following manner : To calculate what this denfity 
would be at 55 , he took fome dephlogifticated fpirit 
of nitre, and examined its fpecific gravity at different 
degrees of heat ; which was found to be as follows, 

Degrees Specific 

of heat. gravity. 

30 I.4653 

46 1.4587 

86 T.4302 

120 1. 4123 

The total expanfion of this fpirit of nitre, therefore, 
from 30 to 120 degrees, that is, by 90 of heat, was 
cv.0527; for 1.4650=4123+. 0527. By which \vc fee, 



Salts. 



that the dilatations are nearly proportional to the de- Contents. 
grees of heat : for beginning with the firft dilatation &c. of the- 
from 30 to 46 degrees, that is, by 16 degrees of heat, " 
we find that the difference between the calculated and 
obferved dilatations is only -, 3 r °^; a difference of no 
confequence in the pfefent cafe, and which might arife 
from the immerfion of the cold glafs-ball filled with 
mercury in the liquor. In the next cafe the differ- 
ence is ftill lefs, amounting only to ;^£ T . 

With another, and fomewhat ftronger fpirit of nitre,, 
the fpecific gravities were as follow : 

Degrees Specific 

of heat. gravity. 

34 i.475o 

49 1.4653 

150 1.3792 

Here alfo the expanfions were nearly proportional to- 
the degrees of heat ; for n 6° of heat, the difference 
between 34 and 150, produce an expanfion of 0.0958 ; 
and 1 5 of heat, the difference between 34 and 49, 
produce an expanfion of 0.0097 ; and by calculation 
0.0123 •' which laft differs from the truth only by 



From this experiment we fee, that the ftronger the 
fpirit of nitre is, the more it is expanded by the fame 
degree of heat ; for if the fpirit of nitre of the laft ex- 
periment were explained in the fame proportion as in 
the former, its dilatation, by 116 degrees of heat, 
ihould be 0.0679 ; whereas it was found to be 0.0958. 

As the dilatation of the fpirit of nitre is far great- 
er than that of water by the fame degree of heat, and 
as it coniifts only of acid and water ; it clearly follows, 
that its fuperior dilatability mult be owing to the acid 
part : and hence the more acid that is contained in 
any quantity of fpirit of nitre, the greater is its dilata- 
bility. We might therefore fuppofe, that the dilata- 
tion of nitre was intermediate betwixt the quantity of 
water it contains and that of the acid. But there 
exifts another power alfo which prevents this fimple re- 
fult, viz. the attraction of the acid and water to each 
other, which makes them occupy lefs fpace than the 
fum of their joint volumes ; and by this condenfation our 
author explains his phrafe of accrued denfity. Taking 
this into the account, we may confider the dilatation 
of the fpirit of nitre as equal to thofe of the quan- 
tities of water and acid it contains, minus the con- 
denfation they acquire from their mutual attraction ; 
and this rule holds as to all other heterogeneous com- 
pounds. 

To find the quantities of acid and water in fpirit of 
nitre, whofe fpecific gravity was found in degrees of 
temperature different frcm thofe for which the table 
was conftructed, viz. 54 , 55 , or 56 of Fahrenheit, 
the fureft method is to find how much that fpirit of 
nitre is expanded or condenfed by a greater or leffer de- 
gree of heat ; and then, by the rule of proportion, 
find what its denfity would, be at 55 . But if this 
cannot be done, we mall approach pretty near the truth 
if we allow 44-J-y f° r every 15 degrees of heat above or 
below 55 of Fahrenheit, when the fpecific gravity 
is between 1.400 and 1.500, and T7r V, when the fpe- 
cific gravity is between T.600 and 1.800. — The di- 
latations of oil and fpirit of vitriol were found to be ex- 
ceedingly irregular, probably by reafon of a white 
foreign matter, which is more or lefs fufpended or dif- 
folyed in it, according to its greater or leiTer dilution ; 

and 
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Contw r our mtlior did not Separate, as he in- 

fceofthe teaded to I id in the date in which it is com- 

. ttj i.iouly ufed. ! • he found that 15 of hc.it 

d a difference ^>i above , •, , in ils fpeciiic gravity, 
when it exceeds i.{ pecific 

Dilatation t ;ui 1.400 and i.;co — The dilaiaiionsof 

ot^ititot fpirit of faltare very nearly proportional to the dcgrcei 
of he it, ... appe. rs by th* following tabic. 
reet Specific 

of heat, gravity. 

3; 1. 1 9 16 

54 I. i860 

66 1.1820 

128 1 . 1 631 

'hould be added or fubtracled for every 
2t° above or below 55 , in order to reduce it to 55 , 
the degree for which its proportion of acid and \. 
was calculated. The dilatability of this acid is much 
greater than that of water, and even than that of the 
nitrous acid of the fame denlity. 
yof Our author next proceeds to confider the quantity of 
1,1 pure acids taken up at the point of * turation by the 
taken up by Various fubflances they unite with. — He begins with 
fTu^* s C ^ C in i ncra l alkali. Having rendered a quantity of this 
2 ,. " cauflic in the ufual manner, and evaporating one ounce 
Mineral al- °f the cauflic folution to perfect drynefs, he found it 
kali how to contain 20.25 grains of folid matter. He was af- 
fured, that the watery part alone exhaled during cva- 
. as the quantity oi fixed air contained in it 
/cry f mall, and to diflipate this a much greater 
Id have been rcquititc than that which he 
tiled. This dry alkali was aifTolvcd in twice its weight 
of water ; and faturating it with dilute vitriolic acid, 
he found it to contain 2.25 grains of fixed air ; that be- 
in;; the weight which the faturatcd folution wanted of 
being equal to the joint weights of water, alkali, and 
430 fpirit of \ itriol employed. 
Quantity of The quantity ot mere vitriolic acid neceflary to fa- 
vitrielic turatc 100 grains of pure mineral alkali was found to 
acid ncccf- ^ c -, or ^ f grains ; the faturatcd folution thus form- 
yt0 . l " ed being evaporated to perfect drynefs weighed 36.5 
grains; but of this weight only 28.38 were alkali 
4*1 and acid; the remainder, that is, 8.12 grains, there- 
Quantity of fore, were water. Hence too grains of Glauber's 
ingredient* fait, perfectly dried, contained 29.12 of mere vitriolic 
in Glau- ac jj^ ^g ^ of mere alkali, and 22. 2S of water. Eut 
kcr's Got. (ji au k cr ' s fait ciyitulliz.ed contains a much larger pro- 
portion of water ; for 100 grains of thefe cryflals heat- 
ed red hot loll 55 grains of their weight ; and this lofs 
Mr Kirwan fuppofes to arife merely from the evapo- 
ration of the watery part, and the remaining 45 con- 
tained alkali, water, and acid, in the fame propor- 
tion as the 100 grains of Glauber's fait perfectly dried 
abovementioncd. Then thefe 45 contained 13.19 
is of vitriolic acid, 21.87 of fixed alkali, and 9.94 
of water: confequently ioograinsof cryftallized Glau- 
ber's fait contains 13.19 of vitriolic acid, 21.87 of al- 
kali, and 64.94 of water. 
:yof On faturating the mineral alkali with dephlogflli- 
:t was found that 100 grains of the 
kali taken a ik a ii took up 57 of the pure acid in the cxperii 

■fuLft- 6 " ' ;ncrs rhis 

catcd ni ~ ' n ' lC J ^ a tCW £ raH1S : he concludes » I 

cid ; fore, ' ; " ^ a:i uktil U P l 'V thisacid 

that taken uj 

2 



iic. Suppofing this quantity to be 57 grains, then ice Content*, 
grains ot cubic nitre, perfectly eh) , contain ;ool acid, kc. of tlwc 

52.18 of alkali, .u,d 17. ter: but cubic nine Salu. 

cryflallizcd contains fomcthing more water; for 100 
grains of thefe cryflals lefe about four by gentle dry- 
ing •, therefore ico grains of the cryftallized fait con- 
tain 28.8 of acid, 50.09 of alkali, and 21. 11 of wa- 
ter. 433 

An hundred grains oi mineral alkali require from 13y ruarme - 
63 to 66 or 67 grains of pure marine acid to faiuraic a cid. 
it; but Mr Kirwan fupppfes that one rcafou of this 
variety is, that it is exceeding hard to hit the true 
point of faturation. Allowing 66 grains to be the 
quantity required, then ico grains of perfectly dry 
common fait contain nearly 35 grains oi real acid, 
53 of alkali, and 13 of water; but 100 grains of the 
cryftallized fait )o{'c. rive by evaporation ; fo that ico 
of thefe cryflals contain 33.3 of acid, 50 of al- 
kali, and 16.7 of water. 

The proportion of fixed air, alkali, and water, was Proportion 
thus investigated i 200 grains of thefe cryflals were of fixed air, 
ed in 240 of water ; the folution was fatufated alkali, and 
by fuch a quantity of fpirit of nitre as contained 4c v ' :Ucr > in - 
of pure nitrous acid; whence it was inferred that 7 $?{ 
thefe 200 grains of fait of foda contained 70 of pure Oration *" 
alkaline fait. The faturatcd folution weighed 40 
grains kfs than the fum of its original weight, and 
that of the fpirit of nitre added to it ; confequently it 
loll 40 grains of fixed air. The remainder of the ori- 
iveight of the cryflals therefore r been 

water, viz. 90 grains. Confequently ico grains of 
thefe cryflals contained 35 of alkali, 20 of fixed air, 4 , f 
and 45 of water. '1 his proportion differs confiderably Difnruic&a 
from thatalligned by Mr Bergman and Lavoificr, which with M. 
our author imputes to their having made life of foda Ber 8 ma *. 
recently cryftallized ; but Mr F irwan's had been n ack am ' lav01 " 
for fome n.onths, and probably loft much wawi and ^j 
hxed air by evaporation, which altered the pr< portion^ 
ot the « hole. According to the calculations of Berg- 
man and Lavoificr, 100 grains of this alkali take up 
80 of fixed air. The fpecific gravity of the cryftalli- 
zed mineral alkali, weighed in ether, found to be 
I. 421. 4 , 6 

The proportion of the different ingredients in vo- Propor- 
latile alkalies can only be had from the experiments tions 0l '"* 
lately made by Dr Prieflley concerning alkaline air. £ redicnt » 
He informs us, that , 6 T of a meafure of this, and one " 
meafure of fixed air, faturate one another. Then 
fuppoling the meafure to contain 100 cubic inches 
185 cubic inches of alkaline air take up ico of fixed 
air; but 185 cubic inches of alkaline air weigh at a 
medium 42.55 grains, and ico cubic inches of fixed 
air weigh 57 grains ; therefore ico grains of pure 
volatile alkali, free from water, take up 134 of fix- 
ed air. 

On expelling its aerial acid from a quantity of this 
volatile alkali in a concrete ftate, and formed by Aib- 
limation, he found, that 53 grains of it were fixed 
air: according to the preceding calculation, ico grain* 
of it mould contain 39.47 of real alkali, and 7.53 of 
w aier, the reft being fixed air. — On faturatil 
tity with the vitriolic, nitrous, and marine acids, ico 
grains of the mere alkali were found to take up ic6 
of mere vitriolic acid, 115 of the nitrous, and 130 of 
the marine atid. The fpecific gravity of t] 
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Contents, alkali weighed in ether (b) was i. 4076. The propor- 

&c. of the tion of water in the different ammoniaeal raits could not 

Salts, be found on account of their volatility ; but was fup- 

pofcd to be very fmall, as both volatile alkali and. 

fixed air cryftallize without the help of water when in 

an aerial ftate. 

In making experiments on calcareous earth, it was 
firft diilblved in nitrous acid ; and after allowing for 
the lofs of fixed air and water, 100 grains of the pure 
earth was found to take up 104 of nitrous acid; but 
only or or 92 of mere vitriolic acid were required to 
precipitate it from the nitrous folution. 

Of the marine acid 100 grains of the pure calcare- 
ous earth require 112 for their folution. The liquor 
at iirit is colo.irlefs, but acquires a greenifh colour by 
{landing. 

Natural gypfum varies in its proportion of acid, 
water, and earth ; 100 grains of it containing from 
32 to 34 of acid and like wife of earth, and from 26 to 
32 of water. The artificial gypfum contains 32 of 
earth, 29.44 or " ac ^, and 38.56 of water. When 
well dried, it lofes about 24 of water ; and therefore 
contains 42 of earth, 39 of acid, and 19 of water, per 
hundred. 

Nitrous felenite (folution of calcareous earth in ni- 
trous acid) carefully dried, contains 33.28 of acid, 32 
of earth, and 34.72 of water. 

The fame quantity of marine felenite (folution of 
calcareous earth in marine acid), well dried, in fuch a 
manner as to lofe no part of the acid, contain of the 
latter 42 56, of earth 38, and of water 19.44. 

Magnelia, when perfectly dry and free from fixed 
air, cannot be diilblved in any of the acids without 
heat. Even the ftrongeft nitrous acid did not act up- 
on it in 24 hours in the temperature of the atmofphere ; 
but in a heat of 180 , the mineral acids, diluted with 
four, or even fix, times their quantity of water, had a 
very fenfible effect upon it ; but the quantity of acid 
diilipated by heat rendered it impoilible to afcertain 
how much was neceffary for folution, except by preci- 
pitation after it had been diifolved. For this purpofe 
the cauftic vegetable alkali was employed j by which 
it appeared that 100 grains of pure magnefia take up 
125 of mere vitriolic acid, 1 32 of the nitrous, and 140 
of the marine. All of thefe folutions appeared to con- 
tain fomething gelatinous; but none of them reddened 
vegetable blues ; and that in the marine acid became 
greenifh on Handing for fome time. 

An hundred grains of perfectly dry Epfom fait con- 
tain 45.67 of mere vitriolic acid, 36.54 of pure earth, 
and 17.83 of water. Solution of common Epfom fait, 
in common h oweve r, reddens vegetable blues, and therefore con- 
Epfomfalt; ta j ns an excefs of ac y t A ijj^e quantity of nitrous 

In nitrous Epfom, well dried, contains 35.64 of acid, 27 of pure 

Epfom. earth, and 37.36 of water. The folution of marine 

445 Epfom cannot be tolerably dried without lofing much 
Cannot be f } ts ac \$ together with the water. The fpecific gra- 

found in v ^ f ^jg eartn j s 2.3296. 

fom' ne Moft writers on chemiftry have faid that earth of 

446 alum contains fcarce any fixed air ; but Mr Kirwan 
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found that it contained no lefs than 26 per cent, though Contents, 
it had been previously kept red-hot for half an hoar. & 
It diifolved with a moderate effervefcence in acids un- 
til the heat was raifed to 220 ; after which the folu- 
tion was found to have loft weight in the proportion 
abovementioned. 

An hundred grains of this earth, deprived of the Quantity 
fixed air, require 133 of the pure vitriolic acid to dif- ci ""g 1 ?- 
folve them. The folution was made in a very dilute J^£* ]| 
fpirit of vitriol, whofe fpecific gravity was 1.C93, and 
in which the proportion of acid to the water was near- 
ly as 1 to 14. It contained a flight excefs of acid, 
turning the vegetable blues to a brownilli red ; but it 
cryftallized when cold, and the cryftals were of the 
form of alum. Our author, therefore, is of opinion, 
that this is the true proportion of acid and earth to be 
ufed in the formation of that fait, though there was 44 g 
not water enough to form large cryftals. Perceiving Thisfalul- 
that the liquor contained an excefs of acid, more ways con- 
earth was added; but thus it was found impoilible tains an ex ~ 
to prevent it from tinging vegetable blues of a cefsofau 
red colour until a precipitation was formed : and 
even when this was the cafe, though one part of 
the fait fell in the form juft mentioned, yet the reft 
would ftill redden vegetable blues as before ; though 
here our author doubts whether this be a mark 
of acidity. An hundred grains of alum, when dried, 
contain 42.74 of" acid, 32.14 of earth, and 25.02 of 
water; but cryftallized alum lofes 44 per cent, by defic- 
cation : therefore 100 grains of it contain 23.94 of 44 ~ 
acid, and 58.06 of water. An hundred grains of this Proportion 
pure earth take up, as near as can be judged, 153 of of pure 
pure nitrous acid. The folution ftill reddened vege- eartn of 
table blues ; but after the above quantity of earth was alum taken 
added, an infoluble fait began to precipitate. The" 1 ^^"^. 
folution, when cold, became turbid, and could not be 
rendered quite clear by 500 times its quantity of wa- 4 r 
ter. An hundred and feventy-three grains of pure v.y marine 
marine acid are required for the diflolution of 100 acid, 
grains of earth of alum, but the liquor ftill reddened 
vegetable blues. After this an infoluble fait was form- 
ed ; but it is difficult to afcertain the beginning of its 
formation precifely both in this and the preceding 
cafes. The fpecific gravity of pure argillaceous earth, 
containing 25 per cent, of fixed air, is 1.9901. ., 2 

In the experiments made by our author on metals, Experi- 
the acids employed were fo far dephlogjfticated as to ments on 
be colourlefs ; the metals were for the moft part redu- metals, 
ced to filings, or to fine powder in a mortar. They 4 -5 a 
were added by little and little to their refpective men- - e j™™^ 
ftrua ; much more being thus diifolved than if the folvine- 
whole had been thrown in at once, and the folution them, 
was performed in glafs vials with bent tubes. 

An hundred grains of bar-iron, in the temperature Proportion 
of 56 , require for their folution 190 grains of the real of iron ta- 
acid, whofe proportion to that of the water, with ken up by 
which it mould be diluted, is as 1 to 8, 10, or 12. thevitriolic 
It would act on iron, though its proportion were ; 
greater or leffer, though not fo vigoroufly; but by 
applying a heat of 200 towards the end, 123 grains 
H of 



acid. 



(b) The fixed and volatile alkalies were weighed in ether on account of their great folubility in. 
water. 
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of rf.il arid would be fufhcient. The air produced by 

.unmablc, and generally 

by the ailiila r heat, iron is alfo foluble 

in the concentrated vitriolic acid, though in (mailer 
quantity ; and inflead of inflammable air, a large quan- 
tity of vit; is produced, and a little iulplmr is 
fublimed towards the end. The reafon of this is, that 
the concentrated vitriolic acid, containing much lets 
.n the dilute kind, cannot expel the 
c form of inflammable air (which ab- 
a vaft quantity of fire), but unites with it when 
J further dephlegmated by heat, and thus forms both vi- 
j 1 " triolic air and fulphur. An hundred grains of iron 
duTolved without heat afford more than 400 of vitriol ; 
and 100 grains of vitriol, when cryllallized, contain 
25 of iron, 20 of real acid, and 55 of water. When 
calcined nearly to rednefs, thefe cryftals lofc about 40 
psr cent, of water. 

The calces of iron are foluble in the vitriolic acid 

thecskesof according to the quantity of phlogiftoa they contain ; 

iron m vi- tne morc phiogjfticated being more readily foluble, and 

tnollc aoJ - thofc which are dephlogifticated lefs fo. The latter 

not only require more real acid for their folution, but 

457 afford only a thick liquor or magma by evaporation, 

That of the inftcad of cryftals like the others. Hence alfo folu- 

dephlogif- tious of iron, when newly made, diminilh, and coule- 

quently phlogiflicate, the fuperincumbent air by their 

gradual cmiffion of phlogiftoa ; at the fame time that 

the calx, becoming more and more dcphlogiJticated, 

gradually falls to the bottom, unlefs more acid be added 

4,8 to keep it in folution. 

Proportion An hundred grains of iron require for their folution 

of irondil- in nitrous acid 142 grains of real acid, lo diluted that 

its proportion to water fhould be as 1 to 13 or 14; 

and when this lalt proportion is ufed, the heat of a 

candle may be employed for a few feconds, and the 

fs of common air prevented. Thus about 18 cubic 

inches of nitrous air arc produced, the reft being ab- 

forbed by the folution, and no red vapours appear. 

lint if the proportion of acid and water be as 1 to 8 

or 10, a much greater quantity of metal w ill be de- 

4<;9 pnlogifticated by the application of heat, though very 

Quantity little of it be held in folution Thus, from 100 grains 

oi nitrous f i,- on ]\l r Kirwan has obtained 83.87 cubic inches of 

air obtain- n j [roi]3 air . am ] by diftilling the folution, a itill greater 

? quantity may be obtained which had been abforbed. 

lion U " The reafon that nitrous folutions of iron or other me- 

10 460 Uds yield no inflammable air is, becaufe this acid has 

Why no in- lefs affinity to water, and more to phlogifton, than the 

flimmabL- vitriolic, and Like wife contains much lefs fire than either 

that or the marine (k-c n° 278) ; and therefore unites 

with phlogifton, inftcad of barely expelling it. Hence 

alfo the vitriolic acid, though united with 30 times its 

lit of water, will ftill viiibly act on iron, and fe- 

lammable air in the temperature of 55°; 

eas nitrous acid, diluted with 15 times its weight 

of water, has no perceptible effect on the metal in that 

temperature. The calct if not too much de- 

... Ifo foluble in {he nitrous acid. 

ldreirl and fifteen grains of real marine acid 
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up by the Wh.cn the proportion of water to as four to 

marine ouc> j t cifcrYcfccs rather too violently v. ith the metal ; 
acid- 



are required for the folution of ico trains of iron. 
Wh.cn the proportion of water to the acid is as four fo 



and heat is rather pi (judicial, as it volatilizes the acid. Contenti. 
No marine air hies oti ; and the quantity of intlam- *■*■• of tlje 
mablc air is cxaclly the lame as with diluted vitriolic .'' ts ^ 
acid. The calces of iron arc alio foluble in marine 463 
acid, and may be dif'tinguilhcd by their leddilh colour Cakc» of 
when precipitated by lixed alkalies, while the preeipi- iro " P rci *■ 
tales ui the metal are greenilh. ^^aa (h 

An hundred and eighty-three grains of real vitriolic "l^ff^- 
acid arc required to diflblve an hundred grains of cop- tlHir folu . 
per ; the proportion of acid to that of water being as 1 t ion in un- 
to 1.5, or at leaft as 1 to 1.7 ; and a ftrong heat mult rinc acid, 
alfo be applied. Mr Kirwan fays he never could diflblve 464 
the whole quantity of copper; but to dillolvc a given Proportion 
quantity of it, a ftill greater heat muff be employed in ^fY^T 1 
the proportion of 28 to 100 ; but this reiiduum alfo is ^ Y ; tr ; i; c 
foluble by adding more acid. Copper dephlogifticated ac id. 
in this manner is foluble by adding warm water to the 
mafs. 4 6 5 

By treating 128 grains of copper in this manner, we inflamma- 
obtain n cubic inches of inflammable air and 65 oi 'hie i-nd vi- 
vitriolic acid air. When inflammable air was obtained, triolk acid 

however, our author tells us the acid was a little more ai . r ° u,n " 

T-i 1. 1 1 1 1 c " ' rom »°* 

aqueous. the reafon why copper cannot be dcpnlo- j ut j on „f 

gilticated by dilute vitriolic acid, or even by the con- copper in 

centrated hind without the afhftancc of heat, is its vitriolic a- 

ftrong attraction to phlogifton, and the great quantity cid. 

it contains. 4 "£. 

An hundred grains of vitriol of copper contain 27 tV-"- 
of metal, 30 of acid, and 43 of water ; 28 of which not DC "aft- 
laft are loft by evaporation or flight calcination. An e duponby 
hundred grains of copper, when difl'olved, afford 373 dilute vi- 
of blue vitriol. triolic acid. 

An hundred grains of copper require 130 of pure 4 °7. 
nitrous acid for their difiolution. if the acid be fo ro P ortlon 
far diluted that its proportion of water be as 1 to 14, dientsis 
the affiftance of heat will be neceflary, but not oilier- blue vi- 
wife. This folution affords 67^ inches of nitrous triol. 
air. — The calces of copper are foluble in the nitrous 4«8 
acid. Quantity 

A like quantity of this metal requires 1190 grains j-/£° 1 PP 'J r 
of real marine acid, as well as the aififtance of a mode- ^_ n ; trou8 
rate heat, to diflblve them ; the proportion of water ac ;d. 
being as q\ to 1. By employing a greater heat, more 469 
of the acid will be requifite, as much more will be dif- In marine 
fipated : the concentrated acid acts more vigorouliy. — aci< *' 
Calces of copper are likewife foluble in the marine a- 
cid, though lefs eafily than in the nitrous. 4 ^ 

The vitriolic acid diflblves tin but in fmall quantity ; Action of 
an hundred grains of the metal requiring for their fo- the vitrio- 
lution 872 of real acid, whofe proportion to water ". c widaP 
mould not be lefs than 1 to 0.9. A ftrong heat is alfo tin " 
required. When the action of the acid lias ceafed, 
fome hot water fhould be added to the turbid folution, 
and the whole again heated. The metal is foluble in 
a more dilute acid, but not in fuch quantity. — 'I he 
folution abovementioned affords 70 cubic inches of in- 
flammable air. — The calces of tin, excepting that pre- 
cipitated from marine acid by fixed alkalies, arc mfo- 
luble in the vitriolic acid. 

An hundred grains cf tin require 1200 of real ni- Tin diflbl- 
trous acid; whofe proportion of water fliould be at ve d>nm- 
lcaft 25 to 1, and the heat employed not exceeding tl0Uk acid< 
6c°. The quantity of air afforded by fuch folution is 
only 10 cubic inches, and it is not nitrous. The fo- 
lution 
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lution is hot permanent ; for in a few days it depofites 
a whitifli calx, and in warm weather burlts the vial. 
The calces of tin are infoluble in this acid. 

Four hundred and thirteen grains of pure marine 
acid are required to diilblve 100 grains of tin, the pro- 
portion of water being as 4; to 1. The affiitance of 
a moderate heat is alio required. About 90 cubic in- 
ches of inflammable, and 10 of marine air, are afford- 
ed by the folution ; but the calces of tin are nearly 
infoluble in this acid. 

An hundred grains of lead require 600 grains of 
real vitriolic acid for their folution, the proportion' 
being not lefs than 1 of acid to -/„. of water | and it 
will itill be better if the quantity of water be lefs : for 
which reafon, as in copper, a greater qfcmtity of me- 
tal lhould be employed than what is cx\ •■:ted iC be 
diifolved. A ftrong heat is alfo requiiite £ and hot 
water lhould be added to the calcined mafs, thoWh in 
fmall quantity, as it occalions a precipitation. — This 
metal is alfo foluble, but very fparingly, in dilute vi- 
triolic acid. Its calces are fomething;*Kjpre foluble. An 
hundred grains of vitriol of lead, formed by precipita- 
tion, contain 73 of lead, 1 7 of real acid, aiyi 10 of water. 

With fpirit of nitre, 78 grains of reai acid are re- 
quired for the folution of 100 of lead, wit-ii the aflift- 
ance of heat towards the end. The prop^viion of acid 
to that of water may be about 1 to 11 or 12. This 
folution produces but eight cubic inches of air, which 
is nitrous. The calces of the metal are foluble in this 
acid; but lefs fo when much dephlogiiticatcd. Au 
hundred grains of minium require 8 1 of real acid. An 
hundred grains of nitrous fait of lead contain about 60 
of the metal. 

Six hundred grains of the real marine acid are re- 
quired for the folution of 100 grains of lead ; the fpe- 
cific gravity of the acid being 1.141, thoaghjHMfrre 
would be diifolved by a ftronger acid. — The calces' of 
lead are more foluble in this acid than the metal itfelf. 
An hundred grains of minium require 327ofreal acid; 
but white lead is much lefs foluble. The fame quan- 
tity of plumbum corneum, formed by precipitation, 
contain 72 of lead, 18 of marine acid, and 10 of water. 

An hundred grains of filver require 530 of real vi- 
triolic acid to dilfolve them ; the proportion of acid to 
water being not lefs than as 1 to T % : and when fuch a 
concentrated acid is ufed, it aits flightly even in the 
temperature of 6o° ; but a moderate heat is required 
in order to procure a copious folution. The calces of 
filver formed by precipitation from the nitrous acid 
with fixed alkalies are foluble even in dilute vitriolic 
acid without the aififtance of heat. An hundred grains 
of vitriol of filver, formed by precipitation, contain 74 
grains of metal, about 17 of real acid, and 9 of water. 

An hundred grains of the pureft filver require for 
their folution ;6 of nitrous acid, diluted with water 
in the proportion of one part of real acid to fix of 
water, applying heat only when the folution is almoll 
faturated. If the fpirit be much more or much lefs 
dilute, it will not act without the alTiftance of heat. 
The laft portions of filver thus taken up afford no 
air. Standard filver requires about 38 grains of real 
acid to dilfolve the fame proportion of it ; and the fo- 
lution affords 20 cubic inches of nitrous air ; whereas 
100 grains of filver revived from luna cornea. afford 
about 14. 



Mr Kirwan has never been able to dilTolve filver in Contents, 
the marine acid, though Mr Bay en fays he effected &c. of the 
the diliblution of three grains and a half of it by dige- Salts, 
ftion fome fome days with two ounces of ftrong fpirit of 7g 
fait. Newman informs us alfo, that leaf-iilver is cor- of the dif- 
roded by the concentrated marine acid. It is diliblved, folution of 
however, by the dephlogifticated fpirit of fait, as well filver in 
as by the phlogilticated acid when reduced to a ftate ma " ne 
of vapour. An hundred grains of luna cornea contain a 
IS of filver, 18 of acid and 7 of water. 4 g t 

Mr Kirwan found that kind of aqua regia to fucceed Eeft kind 
belt in the diliblution of gold, which was prepared by of aqua re- 
mixing together three parts of the real marine acid g' a for d »f- 
with one of the nitrous acid. Both of them ought folvin g 
alfo to be as concentrated as poffible ; though, when ^° 
this is the cafe, it is almoll impoliible to prevent a 
great quantity from efcaping, as a violent effei vefcence 
takes place for fome time after the mixture. Aqua 
regia. made with common fait or fal ammoniac and *" 

fpirit of nitre, is much lefs aqueous than that pro- 
ceeding from an immediate combination of both 

, j^cids ; and hence it is the fitteft for producing cryftals 

■'of gold. Very little air is produced by the folution of 
this metal, and the operation goes on very flow. It 
is, however, better promoted by allowing it fufheient « 
time, than by applying heat. An hundred grains of Quantity 

Lgold require for their folution 246 grains of real acid, of gold ta- 
the two acids being in the proportion abovementioued. ken up by 
Though foluble in the dephlogifticated marine acid, it a 1 ua re gia* 
is only in very fmall quantity, unlefs the acid be in a 
(ftate of vapour; for, in its liquid ftate it is too aque- g 

•«us. In vitriolic'and nitrous acids it is infoluble, tho' CalcLof 
the calces are fomewhat ibluble in the nitrous, more gold folu- 
eafily in the marine, but fcarcely at all in the vitriolic bie in the 
acid. Mr Kirwan feys, that gold in its metallic ftate vitri. lie 
may be diffufed through the concentrated nitrous acid, and llitrous 

iiTolved in it ; contrary to the opinion of other acids „ 
chemifts, who have affirmed that a true diffolution lakes Go \& ^ n 

P lace - not, ac-" 

An hundred grains of mercury require for their fo- cording to 
lution 230 grains of .r^al- vitriolic acid, whofe propor- Kirwan, be 
tion to thrt c*J vvater is as j to T s _. A ftrong heat is diflol vedin, 
alJ'o requiiite, and the air produced is vitriolic. Pre- mtrous a " 
<s?pitate/>er fe is ftill lefs foluble. — An hundred grains CU ' 8 
"of vitriol of mercury, produced by precipitation, con Mercury 
tain 77 of metal, 19 of acid, and 4 of water. withvkrio- 

In fpijit of nitre, 100 grains of mercury are diflbl- lie acid, 
ved by 28 of real acid, whofe proportion to the water 486 
it contains is as 1 tf 1 ,y_. In this acid the folution ^ ith f P iri * 
takes place without heat >, \>sc it may alfo be diliblved of mtre * 
in a much more dilute acid, provided heat be applied. 
About 12 cub?/: inches of air are produced when heat 
is not-applied ; but M. Lavoifier found the produce 
much greater. This, fays Mr Kirwan. was evidently 
caufed by his ufirfg red or yellow fpirit of nitre, which 
already contains much phlogifton. Precipitate per fe is 
much lefs eaiily diifolved in the nitrous acid, which 
Mr Kirwan fugptofes to be owing to the attra&ion of 
the aerial acid. ad 486. 

The marine acid, in its common phlocrjfHcated ftate, With ma- 
does not ac"t on mercury, at leaft in its ufual ftate of rine acid ^ 
concentration ; though M. Homberg, in the Paris 
Memoirs for the year 1 700, affirms, that he diliblved 
K by feveral months digeftion in this acid. When de- 
phlogifticated, it certainly acls upon it, though very 
H 2 weakly 
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( He in a liquid ftitc. Precipitate per ft is 

the marine acid with the allillatui of 

, ; corrofive fublimate con- 

77 of mercury, 16 of real acid, and fix. of water. 
tity of mercurius dulcis contains 86 of 
metal and I.) ■ I water. 

- requires for its (bullion ar\ equal quantity of 
id, whole proportion to that of water 
may be as i to 8, io, or 12. Heat mult he applied 
rds the end, when the faturation is almoft com- 
pleted. By the help of heat alfo this fcmimetal is fo- 
luble in the concentrated vitriolic acid, but a fmall 
quantity of black powder remains in all cafes undif- 
folved. An hundred cubic inches of inflammable air 
arc produced. An hundred grains of vitriol of zinc 
contain 20 of zinc, 22 of acid, and 58 of water. The 
calces of zinc, if not exceedingly dcphlogifticated, are 
alfo folublc in this acid. 

An hundred and twenty-five grains of real nitrous 
trous acid, acid, whofe proportion to water is that of 1 to 12, 
489 are required tor the folution of 100 grains of this femi- 
Lefi metal metal, applying heat (lightly from time to time. A 
diffolved concentrated acid dillolves lefs of the metal, as a 
by conccn- g rea t quantitity of the menftruum efcapes during the 
bv diluted cffervefcencc. No nitrous air can be procured, the 
acid being partly decompofed during the operation. 
The calces of zinc, if not too much dcphlogiiticated, 
are likewife dillblved by the nitrous acid 

An hundred grains of zinc, require for their dillblu- 
tion 210 grains of real marine acid, the proportion of 
it to the water being as 1 to 9. If a more concentra- 
ted fpirit of (alt he made life of, a coniidcrable part of 
it will be diflipated during the effervefcence, and confe- 
quently more will be required for the folution. The 
calces of zinc are alfo folublc in the marine acid. 
Only three grains of bifmuth were diffolved by 200 
force (bin- of oil of vitriol, whofe fpecific gravity was 1.863, 
ble in vitri- though a ftrong heat was ufed at the fame time. A 
greater quantity was indeed ilightly dephlogifticated ; 
but when the gravity of the acid was reduced to 1.200, 
only a fingle grain of the metal \va5 diffolved by 400 
of it. The calces of this fcmimetal are much more 
folublc. Four c tbic inches of vitriolic air were af- 
ford! d by the folution of three grains of bifmuth. 
Jn fpirit of nitre, ico grains of real acid are only 
idin required to diffolve 100 grains of the metal. The 
fpirit of ni- proportion of water to the acid ought to be as 8 or 9 
tre - to r ; in which cafe a gentle heat may be applied. 

The folution affords 44 cubic inches of nitrous air. 
4 93 The calces of bifmuth are alfo folublc in this acid. — 
Scarce lb- Only three or four grains of it were dillblved by 400 
lubk- in of marine acid, whofe fpecific gravity was 1.220. 

About four grains of nickel were dillblved in an 
hundred of the concentrated vitriolic acid with the 
allillance of a ftrong heat ; but its calces are much 
more folublc. — An hundred grains of nickel require 
for their folution 112 of real nitrous acid, whofe pro- 
portion to water is as 1 to 11 or 12. The product of 
nitrous air is 79 inches. The calces are alfo folublc. 
A moderate heat is r.ccellary for the diffolutibn of the 
; but a concentrated acid acts fo rapidly, that 
much of it is difEpated.— Only four or five grains of 
diffolved by 200 of fpirit of fait whofe fpe- 
cific gravity w • An acid of this degree of 
ftrengtli ads without the ailiilancc of hear, though 
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a we iker acid require s it, and diffolvcs Aill lefs of the 
metal. The cakes of nickel arc alio folublc with dif- 
ficulty in this acid. 

four hundred and fifty grains of real vitriolic acid, 
whole proportion to wattt is not lefs than 1 to 
arc required for the diliolution of ico grains oi 
bait, allillcd by a luat of 270 at lcalt. A folution 
is obtained by pouring warm water on the dephlo- 
gifticated mafs. — The calces of cobalt, however, ait 
more foluble ; fo that even a dilute acid will fervc.— 
In fpirit of nitre, the like quantity of cobalt requires 
220 grains of real acid, whole proportion to water i.- 
as 1 to 4 ; giving a heat of 180 tow aids the end. — 1 he 
calces of the metal are foluble in the nitrous acid. — 
An hundred grains of fpirit of fait, whole fpecifi 
vity is 1.1 78, dillolves, with the allillance of beat) 
two grains and a half of cobalt ; and a greater quanti- 
ty will be dillblved by an acid more highly concen- 
trated. — The calces of cobalt are more folublc. 

An hundred grains of regulus of antimony require 
for their folution 72$ grains of real vitriolic acid, 
whofe proportion to water is as 1 to /„, affifled by 
a heat of 400 . A large quantity of regulus iliould 
be put into the acid ; and the refulting fait requires 
much water to diffolve it, as the concentrated acid 
lets fall much when water is added to it. A lefs con- 
centrated acid will likewife diffolve this fcmimetal, 
but in fmaller quantity. The calces of antimony, even 
diaphoretic antimony, are fomewhat more foluble. Nine 
hundred grains of real nitrous acid are required for the 
folution of 100 grains of regulus ; the proportion of 
a id to the water of the folvent being as i to 12, and 
aflilled by an heat of 110 ; but the folution becomes 
turbid in a few days. The calces are much lefs foluble 
in this acid. — Only one grain of the regulus is dif- 
folved by 100 of fpirit of fait, whole fpecific gravity 
was 1.220, with the affiflance of a fight heat; and 
that which is only 1.178 dillolves ftill lefs ; but Mr 
Kirwan is of opinion that the concentrated acid would, 
in a long time, and by the affiflance of a gent 1 heat, 
diffolve much more. The calces dillolve more eafily 
in the marine acid. 

Eighteen grains of regulus of arfenic are dillblved 
in a heat of 250° by 200 grains of real vitriolic add, 
whofe fpecific gravity is 1.871. /bout fever of thtlt 
parts cryllallize on cooling, and are folublc in a laige 
quantity of water. The calces of arfenic arc more 
foluble in this acid. — An hundred and forty grains of 
real nitrous acid are requisite for the folution of ico 
grains of regulus of arfenic ; the proportion of acid to 
the water being as 1 to 11. 1 he folution aficrds 102 
cubic inches of nitrous air, the barometer being at 
so and the thermometer at 60. Calces of arfenic are 
likewife foluble in this acid. 

An hundred grains of fpirit of fait, whofe fpecific 
gravity is 1.220, diffolve a grain and an half of regu- 
lus of arfenic ; but the marine acid, in its common 
ftate, that is, when its gravity is under 1.17, does 
not at all affect it. The arfenical calces are lefs foluble 
in this than in the vitriolic or nitrous acids. 

§ 3. OJ the Quantity of I ' hlogifton contained in different 
Subjlances. 

Having gone through all the various bafes with 
which acids are ufually combined, and ascertained the 

quant try 
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quantity of different ingredients contained in the com- 
pounds rcfulting from their union, we ought next to 
give an account of our author's experiments on phlo- 
gifton ; but as his fentiments on that fubject are taken 
notice of elfewhere, we ihall content ourfelves with 
briefly mentioning the very ingenious methods by 
which he difcovcrs the quantities of it contained in va- 
rious kinds of air and in fulphur. 

Having proved that inflammable air, in its concrete 
flate, and phlogifton are the fame thing, Mr Kirvvan 
proceeds to cftimate the quantity contained in nitrous 
air in the following manner. 

" An hundred grains of filings of iron, diffolved in 
a fufficient quantity of very dilute vitriolic acid, pro- 
duced, with the aififtance of heat gradually applied, 
155 cubic inches of inflammable air; the barometer 
being at 29.5, and the thermometer between 50 and 
6o°. Now, inflammable air and phlogifton being 
the fame thing, this quantity of inflammable air a- 
mounts to 5.42 grains of phlogifton. — Again, 100 
grains of iron dill'olved in dephlogifticated nitrous acid, 
in a heat gradually applied and raifed to the utmoft, 
afford 83.87 cubic inches of nitrous air. But as this 
nitrous air contains nearly the whole quantity of 
phlogifton which iron will part with (it being more 
completely dephlogifticated by this than any other 
means), it follows, that 8p,87cubicinchesofnitrousair 
contain at leaft 5.42 grains of phlogifton. But it may 
reafonably be thought, that the whole quantity of 
phlogifton which iron will part with is not expelled 
by the vitriolic acid, but that nitrous acid may expel 
and take up more of it. To try whether this was 
really the cafe, a quantity of green vitriol was cal- 
cined until its bafts became quite infipid ; after which 
two cubic inches of nitrous air were extracted from 
64 grains of this ochre ; and confequently 100 grains, 
would yield 3.12 cubic inches of nitrous air. If 83.87 
cubic inches of nitrous air contain 5.42 of phlogifton ; 
then 3.12 cubic inches of this air contain 0.2 of phlo- 
gifton. The nitrous acid, therefore, extracts from 
100 grains of iron two-tenths of a grain more phlo- 
giiton than vitriolic acid does. Therefore 83.87 
cubic inches of nitrous air, containing nearly the 
whole phlogifton of the iron, have 5.62 of this fub- 
ftance. Hence 100 cubic inches of nitrous air contain 
6.7 grains of phlogifton." 

With regard to the quantity of phlogifton in fixed 
air, after proving at length that it is compofed of 
dephlogifticated air united to the principle of inflam- 
mability, Mr Kirwan afcertains the quantity of the 
latter in the following manner: " Dr Prieftley, in the 
fourth volume of his Obfervations, p. 380, has fatis- 
factorily proved, that nitrous air parts with as much 
phlogifton to common air, as an equal bulk of inflamma- 
ble does when fixed in the fame proportion of common 
air. Now, when inflammable air unites with common 
air, its whole weight unites to it, as it contains no- 
thing elfe but pure phlogifton. Since, therefore, ni- 
trous air phlogifticates common air to the fame de- 
gree that inflammable air does, it muft part with 
a quantity of phlogifton, equal to the weight of a vo- 
lume of inflammable air, fimilar to that of nitrous air. 
But too cubic inches of inflammable air weigh three 
grains and a half ; therefore 100 cubic inches of ni- 
trous air part with 3.5 grains of phlogifton, when 
they communicate their phlogifton to as much common 



air as will take it up. In this procefs, however, the Quamityef 
nitrous air does not part with the whole of the phlo- I'hlogifton 
gifton it contains, as appears by the red colour it con- ,n d ' ffcrent 
itantly affumes when mixed with common or dephlo- ^ *" ccs ; 
giiticated air ; which colour belongs to the nitrous 
acid, combined with the remainder of its phlogifton, 
whence the acid produced is always volatile. 

" One meafure of the pureft dephlogifticated air 
and two of nitrous air occupy but T |-„ of one meafure, 
as Dr Prieftley has obferved. Suppofe one meafure to 
contain 100 cubic inches, then the whole, very near- 
ly, of the nitrous air will difappear (its acid uniting to 
the water over which the mixture is made), and 97 
cubic inches of the dephlogifticated air, which is con- 
verted into fixed air by its union with the phlogifton 
of the nitrous air ; therefore 97 cubic inches of de- 
phlogifticated air take up all the phlogifton which 
200 cubic inches of nitrous air will part with ; and 
this we have found to be feven grains : therefore 
a weight of fixed air equal to that of 97 cubic inch- 
es of dephlogifticated air, and 7 of phlogifton, will 
comain feven grains of the latter. Now, 97 cubic 
inches of dephlogifticated air weigh 40.74 grains ; to 
which adding 7, we have the whole weight of the fix- 
ed air,=47.74 grains,zz83.755 cubic inches; and con- 
fequently 100 cubic inches of fixed air contain 8-357 
grains of phlogifton, the remainder being dephlogifti- 
cated air. An hundred grains of fixtd air. therefore, 
contain 14.661 of phlogifton, and 85.339 or " elemen- 
tary or dephlogifticated air. Hence alfo 100 cubic 
inches of dephlogifticated air are converted into fixed 
air by 7.2165 grains of phlogifton, and will be then 
reduced to the bulk of 86.34 cubic inches. 506 

To find the quantity of phlcgifton in vitriolic acid In vitriolic 
air, our author purfued the following method. acid air. 

i. He found the quantity of nitrous air afforded 
by a given weight of copper, when diffolved in the 
dephlogifticated nitrous acid, and by that means how 
much phlogifton it parts with. 

2. He found the quantity of copper which a given 
quantity of the dephlogifticated vitriolic acid could dif- 
folve ; and obferved, that it could not entirely faturate 
itfelf with copper without dephlogifticating a further 
quantity which it does not diffolve. 

3. He found how much it dephlogifticates what it 
thoroughly diffolves, and how much it dephlogifticates 
what it barely calcines. 

4. How much inflammable air a given quantity of 
copper affords when diffolved in the vitriolic acid to 
the greateft advantage. 

5. He deduct s from the whole quantity of phlogi- 
fton expelled by the vitriolic acid the quantity of it 
contained in the inflammable air ; the remainder fhows 
the quantity of it contained in the vitriolic acid air. 

7'he concUifion deduced from experiments, conduct- 
ed after this manner is, that 100 cubic inches of vi- 
triolic air contain 6.6 grains of phlogifton, and 71.2 
grains of acid ; and 100 cubic inches of this air weigh- 
ing 77.8 grains, too of it muft contain 8.48 grains 
phlogifton, and 91.52 of acid. 507 

To find the quantity of phlogifton in fulphur, Mr Quantityof 
Kirwan propofed to eftimate that of the fixed air pro- phlogifton 
duced during its combuftion. For this purpofe he in " 
firmly tied and cemented to the open top of a glafs 
bell a large bladder, deftined to receive the air ex- 
panded by combuftion, which generally cfcapes when 
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ryofthh precaution is not u. '. I dcr this bell, cou- 

;ooo cubic inches of air, a candle of 

;47 grains, was placed ; its wick, 

, !_ i which tmed, w< ill a gr.iin. It 

508 v. ire place ot tin, to 

Proper me- prevent the fulphur from running over during the com- 
thod of 1 (t jj were fupported bj an iron wirehxed 

urninR » n g i ) u ifi :i a [ UD ,,f water. As foon as the fulphur 
burn with a feeble dame, it was covered with 
the air being fqueezed out of tlie bladder. 
The i.ilidc of the bell was 10011 tilled with white fumes, 
lb thai the flame could not be iccn ; but in about an 
hour after all the fumes were thoroughly iubiided, and 
the glals become cold, as much water entered the 
bell as was equal to 87.2 cubic inches ; which fpacc 
our author concludes to have been occupied by nxed 
air, and which muft have contained 7.287 grains of 
phlogiston. The candle of fulphur being weighed was 
found to hive loft 20.75 grains ; therefore 20.7c 
grains of fulphur contain 7.287 of phlogilton, befides 
the quantity of phlogilton which remained in the vi- 
triolic air. This air muft have amounted to 20.75 — 
7.287— 1 3 . 46 3 grains, which, as already lhown, con- 
tain t .4 1 grains of phlogilton. Therefore the whole 
quantity of" phlogilton in 20.75 grains of fulphur is 
8.428 ; of confeeuence 100 grains of fulphur contain 
509 5^.30 of vitriolic acid, and 40.61 of phlogilton. 
Quantity The quantity of phlogilton contained in marine 
©fphlogif- acid air was found by the following method. — tight 
ton in ma- gruiisof copper diflblved in colourlefs fpirit of fait 
rinc acid a tf, r l CJ but 4.9 inches of inflammable air; but when 
the experiment was repeated over mercury, 91.28 cu- 
bic inches of air were obtained. Of thefe only 4.9 
cubic inches were inflammable ; and consequently the 
remainder, 86.38 inches, were marine air, weighing 
56.49 grains. — Now as fpirit of fait certainly does 
not dephlogifticate copper more than the vitriolic acid 
does, it follows, that thefe 4.9 cubic inches of inflam- 
mable air, and 86.38 of marine air, do not contain 
more phlogilton than would be fcparated from the 
fame quantity of copper by the vitriolic acid ; and 
fince 100 grains of copper would yield to the vitriolic 
acid 4.; 2 grains of phlogilton, 8.5 grains of copper 
would yield 0.367 grains of phlogilton. This there- 
fore is the whole quantity extracted by the marine 
acid, and contained in 91.28 cubic inches of air ; and, 
deducting from this the quantity of phlogilton con- 
tained in 4.9 cubic inches of inflammaolc air = 0.1 71 
grains, the remainder, viz. 0.367— -c«I7t =0.196, is 
all the phlogilton that can be foifcd in 86.38 cubic 
inches of marine air. Then 100 cubic inches of it 
I0 contain but 0.227 of a grain of phlogilton, 65.173 
Why ma- grains being acid. — Hence we fee why >; acts fo feebly 
rinc acid on oils, fpirit of wine, &c. andwhyitisncdiilodgedfrom 
■eh fo aI1 y balis by uniting with phlogilton, as the vitriolic and 
weakly. n j t 'rous acids are, its affinity to it being inconfiderable. 

\ 4. Riviarks on the Doftrints ofth: Quantity a::d 
fpeafic Gravity above delivered. 

MrKrir'a To this doctrine of the Specific gravity and quan- 
- 'ity of acid contained in different Substances, Mr-Keir 
to Kir- ] rs rnade feveral objections. 1. MrKirwan IjippoSes, 
wan's doc- inat marine acid gas is the pure and folic! marine acid 
WinC!l di\( ' 1 water and other matter. Its apparent 

drynefs in this reSpect, however, is no argument that 



it really contains no water •, for water ItSclf, reduced RomIm 
to a ltatc of vapour, poffeflea no moiltcniug property. "' tU 
There is great reafon to believe that water is aconfti ,mr 

tuent pan offome gaits, and ii is certain that all ol tr " K ^ 
them are capable of holding it in Solution. As moid 
materials, therefore, are employed in the preparation 
of marine aeid air, there feems no reafon to believe, that 
in any way in which Mr Kirwan could obtain it, there 
was reafon to fuppofe it perfectly free of water ; in 
which cafe the deniiiy of the acid would be greater, 
and its quantity Smaller than he Suppofes. 

2. A conlidcrabU' part of the denluy of the acid ab- 
sorbed in the experiment, probably a 10 Se from the con- 
densation which always accompanies the union of a 
concentrated acid with water. Mr Kirwan allows this 
to be the cafe with the nitrous and vitriolic acids, but 
thinks it too inconfiderable to dt Serve notice in the ma- 
rine. His reaSoning, however, does not appear ia- 
tisfactory, or his experiments on die Subject conclu- 
sive. He obferves, that the length ot time taken 
up in effecting an union between the marine gas and 
water, is no argument againlt their attracting one an- 
other Strongly when once united ; and it is certain 
that part of this acid gas is very quickly abforbed by 
water. He alSo finds fault with his accuracy in cal- 
culation ; and alferts, that if matters are fairly Hated, 
the real denfity of the marine acid gas will be con- 
siderably leSs than Mr Kirwan makes it. 

3. A great obstacle even to an approximation to- 
wards the real denfity of the acid, aril'cs from the con- 
densation which the water, as well as the acids, muft 
Suffer in the proceSs : and in this caSe, where a ge- 
neral condensation takes place, he afks, •* How 
Shall we determine the part of the condenfatiou that 
belongs to the water, and the part that the acid SuS- 
tains?" This, with other considerations, makes Mr 
Keir " doubt oS the pofiibility oS Solving the queltion 
concerning the actual denfity of pure and folid acids." 
The investigation of the queltion, indeed, he does not 
conflder as a matter oS great conSequence, as every ufe- 
Sul application may be obtained, by firfit investigating 
the comparative Strengths of different portions of the 
fame acid rendered more or lefs dilute ; and then by 
finding out the ftrength of the vitriolic, nitrous, and 
marine acids of known denlities, fo that they may be 
compared together. " Homberg (fays he) has the me- 
rit of making the firft eflay towards this invefliga- 
tion. Bergman and Wenzal have Supplied the de- 
fect of Homberg, by taking into consideration the ga3 
united with alkaline Substances ; and MrKirwan, by 
uSing determinate quantities oSacid liquors oS known 

. denlities, has considerably improved the method of 
"Bergman : and whoever Succeeds thefe able chemifts 
in this inquiry, may avail himfelf greatly of their la- 
bours, particularly thoSe of Mr Kirwan." He con- 
cludes with Staling the refults of the inquiries made by 
the chemists abovementioned ; on which he makes the 
following remarks. 

" The diScordancy of thefe reSults is very Striking, Grea/dif- 
and gives but an humiliating representation of the pre- fcrencet in 
cifion oS our preSent know ledge in chemiftry. A great the caku- 
part of the difference ariSes undoubtedly from the diS lations of 
Serentviews in which thefe authors considered the dry- '''""cent 
neSs or purity oS the acids. Mr Kirwan, as we have" ' 
Seen, endeavoured to find their deniity and quantity in 
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a flate of perfect drynefs and parity ; which he fup- 
pofed to exifl in the marine acid gas : with which he 
compared and inferred the deniities and quantities of 
the nitrous and vitriolic acids, upon the fuppolition 
that equal quantities of thefe feveral acids are fatu- 
rated by a given weight of fixed alkali. Belides the 
uncertainty of his principles, from which he deduces 
the denlity and quantity of the marine acid, his appli- 
cations from thence to deduce the denudes of the pare 
nitrous vitriolic acids, being founded on the above 
fuppolition, mull partake of its defects. The alkali 
which he happened to fix on as the ftandard by which 
he compared the ftrengths of the different acid liquors, 
in order to determine the quantity of real acid they 
contained, and thence to determine their denfity in a 
folid flate, was the fixed vegetable. Having found 
that i oo grains of his real marine acid could faturate 
215 grains of this alkali, he infers, that the fame pro- 
portion is applicable to the other acids : and accord- 
ingly we find that 100 grains of each of the pure and 
real mineral acids are faturated by an equal quantity, 
viz. 215 grains of this alkali. But if we examine the 
other columns of his table, we ihall at once fee, that, 
in other fubflances foluble by acids, this equality does 
not exifl ; and that every fuch fubftance has a ratio 
peculiar to itfelf, with reipect to the proportions of 
thefe acids necellary for its faturation. It is evident, 
therefore, that if Mr Kirwanhad fixed on the mineral 
alkali, the volatile alkali, lime, or any other fub- 
ftance, as a flandard, inflead of vegetable alkali, his 
determination of the denfities of the real vitriolic and 
nitrous acids would have been different ; and as no 
reafon can be affigned why the vegetable alkali or any 
other fubftance fhould have the prerogative over the 
reft, it is obvious that there can be no fuch general 
ftandard, but that each fubftance pofleffes folely the 
capacity of determining the proportions of the feveral 
acids neceffary for its faturation. 

" The other chemifts were contented to confider as 
the pure and dry acid, that which actually remains in 
the neutral fait, after this has been rendered as dry as 
poflible by expofure to a red heat : and having made 
their alkalies as dry as they could, they fuppofed thefe 
alkalies to retain the fame weight in the dried neutral 
fait ; and that the augmentation of the weight gained 
by the alkali during the formation of the neutral fait 
mowed the weight of the dry acid. The uncertainty 
which affects this method arifes from the different ca- 
pacities which different neutral falts maypoffefsof re- 
taining more or lefs water, either as a conftituent part 
of the dry fait, or merely by the ftrength of adheiion 
or affinity. Nevertheless, this method being founded 
folely on experiment, without any theoretical induc- 
tions, feems to furnifh fome approximation, not per- 
haps of the abfolute quantity of the acids in their 
dried poffible ftate, but of the acids as they actually 
exifl in thefe falts comparatively with each other. 
Though the difagreements between Bergman's and 
Wcnzel's refults are little in comparifon of the diffe- 
rence between them and Kirwan's, yet as their expe- 
riments were made nearly in Che fame manner, and 
upon the fame grounds, there feems to be fumcient 
reafon to \vi h for a c trcfal repetition of their experi- 
ments, or of others with the fame view, and lefs liable 
to objections. 



" The only difference in the methods employe d by Remarks 
thefe two celebrated chemifts coniifled in the mode of on the for- 
faturation. Bergman probably ufed the common me- n \ cr ® oc ~ 

thod, but Wcnzel employed a very peculiar one. He tnnes - t 

added to his alkali a greater quantity of acid than was 
neceffary for the faturation ; and after the alkali was 
diilblved, he added a lump of zinc, or of oyfter-Oicll, in 
order to faturate completely the fuperfluous acid. By 
obferving how much of the zinc or oyiler-ihell the acid 
diilblved, and knowing how much of thefe fubflances 
was foluble in his acid by former experiments, he in- 
ferred the quantity of acid left for the faturation of 
the alkali. Having thus afcertained the quantity ne. 
ceffary to faturate the alkali, he mixed together the 
proper proportions of thefe, and formed his neutral 
fait by evaporating the mixture and drying the fait 
with a red heat. Perhaps the difference in the refults 
obtained by thefe two chemifts might arife from their 
different modes of faturation. The common method 
of ascertaining the point of faturation by means of 
litmus or other blue vegetable juices, appears fufli- 
ciently exact, is fimpler, and therefore prelerable to 
that ufed by Wenzel. 

" The flandard for comparing the ftrengths of acids, 
and likewife of alkalies with one another, may be ei- 
ther an acid or an alkaline fubftance ; and if we had 
one of each, the proportion of whofe quantities requi- 
fite for their mutual faturation were well afcertained, 
the conveniency in making the experiments would be 
obvious, and the certainty greater. Alkaline, and the 
earthy fubflances that are foluble in acids, are feldom 
pure enough for this purpofe. They generally con- 
tain quantities, which are not conftant, of fixed air, 
fdiceous earth, magnefia, neutral falts, and inflammable 
matter, which render any of thofe that are commonly 
met with unfit for the purpofe without a very fkilful 
and careful purification. The chemifts who have made 
experiments to determine the proportions of acids and 
alkalies requilite for each other's faturation, have fcarce- 
ly been explicit enough in explaining the means of pu- 
rifying the alkalies which they employed : for thofe in 
commerce are quite uncertain in ftrength and purity : 
and as to the general rules for making allowances for 
any heterogeneous fubflances they may contain, they 
are quite inapplicable to delicate experiments. No 
other method feems proper for afcertaining the pu- 
rity of alkalies but that of cryftallization : of which 
both the vegetable and mineral alkalies arefufceptible, 
efpecially the latter, which on account of its being 
more eafily reducible into cryftals, is therefore prefer- 
able. Thefe alkaline cryftals, however, are not fit to 
be ufed as a ftandard, becaufe they either are apt to 
be fufficiently dried, or, upon expofure to air, to lofe 
a part of the water of their cryftallization, and to fall 
into powder. Even if they fhould be taken, as is pof- 
fible with due care, at the exact ftate of dry but entire 
cryftals, another uncertainty arifes from a property 
which feems to be common to them all, namely, that 
of retaining a greater or fmaller quantity of water, ac- 
cording tn the degree of heat in which they were 
cryftallized ; the colder the weather the greater quan- . 
tiry ctf water entering into the compofnion of the cry- j^ r k/J», 
ftals. It feems poffible, however, to make a pretty method of 
accurate ftandard of mineral alkali in the following preparing 
manner : Let the alkali be purified by repeated folu- an alkaline 

tion ftandard - 
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••yfUUiiation, uftng only fuch as arc formed 
firlt, aing liquors. Let the 

purecrySl to a dry air until they have 

letdy ciil fallen into a dry white pow- 

der; which alteration may be facilitated by bruiting 
the cryllals and changing the furface ol" the powder. 
r be then cxpofed for a certain and de- 
terminate time to a constant hr at, as that of boiling 
12 hoars ; letting the furface expofed be in 
(bine given pn fuppofe of a fquare inch to an 

ounce of the powder of crystals, and let it be Stirred 
j two hours. When thus dried, let them be put 
while hot into a bottle, and well flopped. This pow- 
der I have found to be an uniform and conftant stand- 
ard for afecrtaining the Strength of acids ; andalfo, by 
comparifon by means of acids, of other alkaline fub- 
Stances." 

With regard to an aciJ Standard, our author re- 
cominends oil of vitriol ; which, he fays, as it comes 
from the hands of the Britilh manufacturers, is of the 
Specific gravity of about 1.846, but foon becomes 
i r, u. 1I1 Is carefully kept from the external air ; 
and in general lie rates it at 1.844. O nc P art °f th* 3 
acid mixed with nine of water, is of a very convenient 
ilrogth for ufc ; and as every ten grains of the mix- 
ture contain one of the Standard acid, the computations 
are thus rendered eafy : and by thefe Standards, the 
Strength of all acids, alkalies, and fubflances foluble in 
acids", may be meafured and compared together. 

To determine the fpeciiic gravity of liquors with 
accuracy, our author recommends the method of weigh- 
ing them in a phial fitted with a glafs-ftopper, which 
can only enter a certain length into the neck. In 
this way, he obferves, no other inconvenience canen- 
fue than the (light one, that the glafs-ftopper, by very 
frequent ufc, is apt to wear itfelfand the neck of the 
phial alfo; fothat after a great number of experiments, 
it will at laSl diminish, in fome meafure, the capacity 
of the phial itl'elf. This, however, is but vcrytriding, 
and may be corrected at any time. Mr Keir has be- 
sides found, that after fome hundreds of experiments, 
the error amounted only to one quarter of a grain in 
101 grains. 

" The methods hitherto practifed (fays he) for af- 
certaining the quantities of acids and alkalies contain- 
ed in neutral falts, feem to be liable to feveral objec- 
tions betides thofe abovementioned, arifii\g from the 
different proportions of water remaining in a neutral 
fait, after cxpofure to a red-heat, which heat is alfo 
very indefinite. In boiling the faturated mixture of 
acid and alkali to drynefs, and afterwards in expofing 
this fait to a red-heat, it has been fuppofed that nothing 
but water is expelled ; and fome chemists, who have 
given the rcfults, have alfo determined the weight of 
the alkali which enters into the neutral mixture, by 
evaporating to drynefs an equal quantity of the alka- 
line folution which had been employed in the fatura- 
tion, and weighing the dry folution, on the fuppofi- 
lion that nothing is expelled but water. It is cer- 
tain, however, that in the evaporation both of alkalies 
and neutral falts, a considerable portion of the faline 
matter is elevated towards the end, when the liquor 
becomes concentrated and acquires a degree of heat 
jcrahly above that of boiling water. The fol- 
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lowing method appears bcSt for determining the rein- Remark. 
rive quantities of acid and alkali, or other fubStance (, » lhe for - 
exiSting in neutral (alts. naerDoe- 

" To a given number of grains, fappofe ico of the t m:t> j 
Standard vitriolic acid, or to a proportionable quantil 
any other acid, add as much of the alkali or other' fo- 
luble fubStance as is requisite for the Saturation, and 
note the quantity required, which fuppofe to be 150 
grains. \\ e have thus a folution of the neutral fait, 
which is the object of the experiment ; tin- quantities 
of acid and baits contained in which are known, and 
the general proportion of the quantity of the acid to 
its bafts in the neutral fait determined, viz. as 100 
to 150. The next thing to be difcovered is the weight 
of the dry neutral Salt contained in this folution, in 
order to know the proportion of the dry neutral fait 
to its acid and baits, for this purpofe, let a given 
quantity of the fame neutral fait, either in 
of crystals or dried to any given degree, bediflblved in 
water. I^ct this folution be brought to the fame den- 
sity as the former, by adding water to the heavier of 
the two: then, by knowing the weight of each folu • 
rion, and the quantity of dvy neutral Salt which was 
actually diiiolved in one of them, the quantity con- 
I in the other may be deduced ; and thence the 
quantities of Standard acid, or of other acid pro- 
portioned to it, and of the alkali employed, or 
other foluble fubStance contained in a given quantity 
of the neutral f lit, are determined ; alio the quantity 
of water contained in the neutral fait, that is greater or 
lefs than what is contained in the quantity of acid em- 
ployed, w ill be known, over and above any water that 
may have been contained in the alkali or other bafis of 
the neutral fait ; the quantity of which water, if any, 
cannot be determined. 

" By this method may be ascertained the propor- 
tion of the acid, of the bafts, and of the neutral fait, to 
each other ; not indeed the quantity of acid and of al- 
kali deprived of all water, but the quantity of acid, 
equal in intenftty of acidity to a known portion of 
the Standard acid ; and alfo the quantity of fuch alkali 
or other foluble fubStance as was employed ; the rela- 
tive flrength of which is known from its ratio to the 
Standard acid." 6th 5J0 

The tranflator of Wiegleb's SyStem of Chemistry Objection 
totally difagrees with Mr Kirwan's calculation of the toKirwan's 
quantity of phlogiston contained in fulphur; but as his calculation 
objection feems to arife rather from an inclination to of th< : 
the antiphlogistic doctrine that a real difcuSfion of the ^ "Jt^ 
fubjeft, this can have bat little weight, it is poSIible f n fui'»h°ur. 
indeed that Mr Kirwan may have over-rated the quan- 
tity of phlogiston this fubStance contains, which is in- 
deed larger than that allowed by other chemists. 
" Brandt (fays the tranflator), who has been moSt ge- 
nerally followed, reckons it only at ,'_ ; and it has al- 
ways appeared to me, that the weight of phlogiston in 
fulphur is almoSt infinitely fmall." His objection pro- 
ceeds on a maxim which he thinks he has demonstra- 
ted, viz. that fulphur is compofed, not of the vitriolic 
acid and phlogiston, but of the baft of vitriolic acid 
and phlogiston. No experiments hitherto made, how- 
ever, have been able to Show this bafc distinct from the 
acid ; nor have we any reafon to fuppofe that the in- 
crease of weight in the vitriolic acid above the fulphur 

from 
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Earths, from which it is produced, arifes from any thing be- 

v ' fides the acceifion of mere water, which the air parts 

with during che combuftion. Hence, if the fulphur is 

burnt in a very moift air, the quantity of acid obtained 

will be four or five times the weight of the fulphur. 

Sect. IV. Earths. 

These are divided into five claffes : i. Abforbent, 
alkaline, or calcareous earths : 2. Argillaceous earths 
or clay : 3. The flinty : 4. The fuiible earths : and, 
5. The talks. 

1. The firft clafs comprehends all thofe that are ca- 
pable of being converted into lime. They are found 
of various degrees of hardnefs ; but none of them are 
capable of totally refilling the edge of a knife, or 
Unking fire with Heel. They are found to confift of a 
very friable earth, joined with a large quantity of air 
and ibme water. They effervefce with an acid when 
poured on them ; by which they are diflinguifhed from 
all other kinds of earth, except the argillaceous. 
When calcined by a ltrong fire, they part with the 
water and air which they contained, and then acquire 
a great degree of caufticity, lofe their power of ef- 

, IZ fervefcing with acids, and become what is called 
Quicklime, quick/hue. They are foluble in acids, but not equal- 
ly fo in all. The vitriolic and tartareous acids form 
compounds with them very difficultly foluble -, they?- 
Isnites, formed by the vitriolic acid and calcareous 
earth, requiring, according to Mr Beaume, an ounce 
of water to diifolve a lingle grain of it. The fallibi- 
lity of the tartareous feleuite hath not yet been de- 
termined. — With the other mineral acids, the calca- 
reous earths become ealily foluble ; and by proper ma- 
nagement form concretes which appear luminous in 
the dark, and are called phofphori. 

2. The argillaceous earths differ from the calca- 
reous, in not being convertible into quicklime. When 
mixed into a parte with water, and expofed to the 
fire, they lhrink remarkably, crack in many places, 
and become exceffively hard. By being gently dried 
in the open air before they are turned, they do not 
crack, and thus may be formed into velfels of any 
ihape. Of this kind of earth are formed all the brown 
fort of earthen ware. The pureftkind of argillaceous 
earth naturally found, is that whereof tobacco-pipes 
are made. 

All the argillaceous earths are foluble in acids. With 
the vitriolic they diflblve into a gelatinous tough liquor 
very difficultly cry flail izable ; but which, on the addi- 
tion of fome fixed or volatile alkali, may be ffiot into 
cryilals of the fait called a/am, With the other acids 
they form aftringent faks of a fimilar nature. 

The attraction between the argillaceous earths and 
acids is very weak, yielding not only to alkaline falts 
both fixed and volatile, but even to fome metals, par- 
ticularly iron ; but thefe earths have as yet been but 
little the fubject of chemical examination in this v. ay. 
They have a remarkable property of absorbing the 
colouring matter of cochineal, Brafil-wood, ire. as have 
alfo the calces of fome metals. 

Both the calcareous and argillaceous, and indeed all 
earths when pure, rciifl the utmoft violence of fire; 
but when mixed together will readily melt, efpecially 
it in contacl with the burning fuel. Dv Lewis having 
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made covers to fome crucibles of clay and chalk mixed 
together, found that they melted into a yellow glafs, 
before the mixtures in the crucibles were fufed in the 
leafl. But though they melted thus readily when in 
contacl with the fuel, it was with great difficulty he 
could bring them to a tranfparent glafs when put into 
a crucible. 

The other fpecies of earths, viz. the flinty, fufible, 
and talky, being no other way the fubjects of che- 
miflry than as they are fubfervient to the making of 
glafs, all that can be faid of them will mofl properly 
come under that article. For their different fpecies, 
fee Mineralogy. 

Befides the abovementioned fpecies of earths, there 
are others which may be called anomalous, as having 
fome refemblance of the calcareous and argillaceous, 
and yet being eifentially different from them. Thefe 
are the white earth called magnefia alba, the earth of 
burnt vegetables, and that produced from burning a- 
nimal fubitances. 

Magncfia alba was at firft prepared from the thick 
liquor remaining after the crystallization of nitre ; and 
is now found to be contained in the liquor called bit- 
tern, which is left after the fep.iration of common fait 
from fea-water. In the former cafe it was united with 
the nitrous, in the latter with the vitriolic, acid. It 
is alfo found naturally in the foft kind of flone called 
Jhatites or " foap-ftone ;" and in the concrete ufed for 
taking fpots out of cloaths, called French chalk. It 
differs from the calcareous earths, in not acquiring any 
caufticity when deprived of its air, of which it con- 
tains fo large a quantity as to lofe two-thirds of its 
weight when calcined. From the argillaceous it dif- 
fers in not burning hard when mixed with water, nor 
forming a tough ductile pafte. It is eafily foluble in 
all the acids, even the vitriolic ; with which it forms 
the bitter purging fait commonly called Epfom fait, 
from its being firft difcovered in the waters of Epfom. 
With all the other acids it likewife forms purgative 
compounds, which are either very difficultly or not 
at all cryftallizable — Like other pure earths, it can- 
not be melted by itfelf ; but, on proper additions, runs 
into a beautiful green glafs. 

The earth of burnt vegetables is thought by Dr 
Lewis to be the fame with magnefia alba ; but on try- 
ing the common wood allies, they were found to be 
very different. This kind of earth is fufible, by rea- 
fon of the alkaline falts contained in it. Animal" earth 
is both very difficult of folution in acids, and impof- 
fible to be melted in the ftrongeft fire. It diffolves, 
however, in acid liquors, though flowly j but the na- 
ture of the compounds formed by fuch an union are as 
yet unknown. The fofter parts of animals, fuch as 
blood, flefh, ire are faid to yield a more foluble earth 
than the others. Animal earth has lately been fup- 
pofed to be compounded of calcareous earth and phof- 
phoric acid ; but this opinion is mown to be erroneous 
under the article Bones. The phofphoric acid pro- 
duced from thefe, is with reafon fuppofed to be only 
thc vitriolic acid changed. 

Sect. V. Inflammable SubJlancfS. 

These comprehend all vegetable, animal, and fome Phenon-.e* 
mineral fubitances. They are diftinguiflied from al! na en 

I others, burning. 
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others, by emitting a grofs thick fnioke and flame, 
when a certain degree of heat is applied. To tliis, 
how ever, (pirit of w mc and ..11 preparation* from it arc 
exceptions. l.n. ourn without the lean iinokc ; and 
lafs bell is held over the burning lpirit, no loot 
mod, only a quantity of water is found condculcJ 
on its fides, hven the groflcroils, if llowly burnt with 
a very final 1 flame, will y it Id no foot 5 and an exceeding 
. Ker, fully equal in v. 1 : bulk 

• oil employed, may be obtained from them. \\ e 
can fcarccly, however, credit, that 'o great a quantity 
icr comes from the oil ; as this would he a real 
rranfmutation ; and wc know that, befuics water, tlic 
oils contain alio ionic quantity of lixcu air, as well as 
earth. It is probable, therefore, that, as it u> impof- 
fible Co filftain flame without a decompofition of that 
part of the air whi h rullics in to fepport it, part of 
the water iii this cafe comes from the air, which al- 
contains moiilurc in abundance. 
Inflammable matters, on being burnt, generally leave 
i.l a fmall quantity of earthy matter called ajbes ; 
but to this, fpint of wine, camphor, the more volatile 
oils, and the mineral oil called uaptha, are exceptions, 
table fubflances, when uiitilled in dole vellels, 
give out a quantity of air, i'ome acid, and an empyreu- 
nvuic oil, leavi ig behind a black fpongy mafs called 
ch trcaaJ. To this too there arc a few exceptions, viz. 
fpirii of wine and the preparations from it, camphor, 
and peril ips fome of the more volatile oils, or naph- 
tha. Animal lubilances yield only a very fetid era- 
pyrcumatic oil, and volatile alkali. 

In general, all inflammable matters are aded upon 
, with fume violence by the vitriolic and nitious acids, 
excepting only camphor and naphtha. Y\ ith the vi- 
triolic acid, when in a liquid ltaie, they render it vola- 
tile and (ulphureons; if in a dry flate, they form ac- 
tual fulphur. With the nitrous, the} firfl impart a high 
colour and great degree of volatility to the acid . then 
? violent flame enfues, if the matter is attempted to 
be dried. With fpint of wine the efic&s ai c coufi- 
n ; and very volatile compoouds are 
formed, which are called etktr y on account of their ex- 
great difpofition to rife in vapour. Si 
, rands :'rc likewile produced, but with more dit- 
. from the marine acid and concentrated 
gar. ' The la! fedativus of borax mixes with lpirit of 

. and caufes it burn with a green rlame ; bi. 
not feem to produce any other change upon it. How 
of phofphorus and of ants act up in fpirit of 
wine, \- not exactly known ; but that of tartar by cii- 
«n w ith it, is converted into the acetous acid. With 
:hcr inflammable matter, the phoiphorineacid rc- 
cs phofphorus. 
There are two Angularities obferved among the in- 
flammable iubltanccs. One is that bituminous matter 
d amber, which yields a volatile fait of an acid 
are on diftillation : When combined with alkalies, 
this acid is found to yield compounds limilar to thofe 
c with the acetous acid and alkali. The other is, 
rh.it gnm called benzoin, which is ufed as a perfume, and 
yields by fublimation a kind of volatile fait in fine ihi- 
cryflals like fmall needles, and of a nioft, grateful 
rhefe diflblve very readily in (pirit of wine ; 
M at all in water, unlcfs it is made very hot ■ fo 
i :hcy feem to contain more oily than faline matter. 
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Neither the nature of thefe flowers, however, cor that NUtaMtM 
of die lah of amber, is fully knov .shttancr».^ 

Sect. \ I. M t tmi i i m S;.t (lancet. 

These arc ililiinguithed from all other bodies by 
their great fpecilic gravity, exceeding that of the molt 
denfe and compact itones. The heavielt of the latter 
do not exceed the specific gravity of water in a greater 
proportion than that of 4 to 1 ; but tin, the lighteit of 
all the medals, exceeds the fpecilic gravity of water in 
the proportion of 7 to 1. They are alio the molt 
opaque of all know n bodies, and relied the rays of 
light moft powerfully. 52c 

Metallic bodies paflefs the quality of dUTolviug in Metal* fo- 
and uniting with acid falls, in common with eaiihs !ul, ' c m *" 
and alkalies ; but, in general, their union is left per- C1 8 ' 
feet, and they are more ealily fcparablc. '1 hey ef- 
fervelce witli acids, as well as calcareous, eaiihs ami 
alkalies ; but their etiervefcence is attended with vc ry 
different appearances. In the offervefcenoe of acids 
with alkalies, or with calcareous earths, there is adif- 
chargeof the fluid called fixed air, which is io far from 
being inflammable, that it wilt immediately extinguifli 
a candle or other fund] rlame immerlcd in it. The 
mixture alfo is notably diminiliied in weight. W hen 
a metallic fubflance is diliblved in an acid, the weight 
of the mixture is never very much diminilhed, and 
fomctimes it is incrcaicd. Thus, jii ounce of quick- 
lilver being llowly dropped imo as much aquafortis as 
was luihciciu to dinolve it, and the fohiiion managed 
fo as to take up almoit a whole day, the whole was 
found to have gained leven grains. There is alfo a re- 
markable difference between the nature of the vapour 
discharged from metals and that from alkalies ; the 
former, in moll cafes, taking fire and exploding with 
violence ; the latter, as already obferved, extinguish- 
ing ft 521 

The metallic iubftances, at Uaft fuch as we are able Their com- 
to dcccii p' mid, are all con pofed of a certain kind of i-ofition. 
earth, and the inflammable principle called phbgiftm, 
1 he earthy part by itfelf, in whatever way it is pro- 
cured goes by ihe name of calx. The other principle 
has already been proved to be the fame with charcoal. 
\< hen thefe two principles are feparated from one an- _ M 
, the metal is then laid to be calcined. The calx Calcina- 
bcing mixed with any inflammable fubflance, fuch as tienaiidre- 
ered charcoal, and urged with a ftrong fire vilification 
melts into metal again \ and it is then faid to be ro 
drtccd, or tcvivifi aid : and this takes place \< nether 
the n.etal has been reduced to a calx by diliolution in an 
acid or by being expofed to a violent fire. If, how- 
ever, the calci ution by fire has been very violent and 
continued, the calx will not then fo readily 
unite with the phlogiiion of the charcoal, and the re- 
1 ' will be performed w ith more elifficulty. Whe- 
ther, by this mean';, vtz a long continued and violent 
rust km metallic earths might entirely lofe their 
prnpi rty of combining with phlogifton, aiui bf changed 
into;h- fe of another kind, defcrves well to be inquired 
into. j23 

lien a mctall'c fubflance isdiflblved in any kind of Pakina- 
acid, x.'A an alkali or calcareous earth not de prived tionandi>. 
of it :• is added, the alkali will immediately crcafc of 

be atuvded by the acid, at the fame time that the fix- wt '£ ht h Y 
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Metalline ej air contained in the alkali is difengaged, and the 
Jjwflancei. calx of the metal, having now no acid to keep it dif- 
folved, immediately joins with the fixed air of the al- 
kali, and falls to rhe bottom. Something iimjlar to 
this happens when metals are calcined by fire. In 
this cafe there is a continual decompofition of the air 
which enters the fire ; and the fixed air contained in 
it, being, by this decompofition, fet loofe, combines 
with the calx ; whence, in both cafes, there is a confi- 
derable increafe of weight. If the air is excluded from 
a metal, it cannot be calcined even by the molt violent 
fire. 

When a metal is precipitated by a mild alkali, or by 
an uncalcined calcareous earth, the reafon of the in- 
in metal- 3 crea ^ e ot " weight is very evident ; namely, the adhe- 
line calces. ^ lon °* r ^ e ^ xet ^ a ' r t0 tne metalline calx : but, though 
it is not fo much increafed when precipitated by cau- 
ltic alkali, or by quicklime, there is neverthelefs a very 
evident increafe, which is not fo ealily accounted for. 
M. Lavoilier has mentioned fome experiments made 
on mercury and iron diffolved in aquafortis, which 
deferve to be taken notice of, as in a great meafure 
accounting for the phenomenon already mentioned of 
the folution of metalline fubftances gaining an addi- 
tion of weight ; and like wife fhow the proportion of 
increafe of weight with the mild, or calcined calcare- 
S 25 ous earth. 
M. Lavoi- " Exactly 12 ounces of quicklilver (fays he) were 
fier's expe- p a t into a matrafs, and 12 ounces of fpirit of nitre 
poured on it. Immediately a fpontaneous effervef- 
cence enfued, attended with heat. The red vapours of 
the nitrous acid arofe from the mixture, and the liquor 
afliimed a greeniih colour. I did not wait till the fo- 
lution was entirely accomplifhed before I weighed it ; 
it had loft one drachm 18 grains. Three hours after, 
the mercury was nearly all dillblved : but having again 
weighed the folution, I was muchaftonifhed to perceive 
that it had increafed inftead of being diminifhed in 
weight ; and that the lofs, which was one drachm 18 
grains at firft, was now only 54 grains. The next 
day the folution of the mercury was entirely finifhed, 
and the lofs of weight reduced to 18 grains ; fo that in 
1 2 hours the folution, though confined in a narrow neck- 
ed matrafs, had acquired an augmentation in weight 
of one drachm. I added fome diflilled water to my fo- 
lution, to prevent it from cryflallizing ; the total weight 
of it was then found to be 48 ounces 1 drachm and 18 
grains. 

" I weighed fepafately, in two veffels, 8 ounces 
1 J grains of the above folution, each of which por- 
tions, according to the preceding experiment, ought 
to contain 2 ounces of nitrous acid and 2 ounces of 
quicklilver. On the other lide I prepared 6 drachms 
36 grains of chalk, and 4 drachms 36 grains of lime ; 
thefe proportions having been found by former ex- 
periments jufl neceflary to faturate two ounces of ni- 
trous acid. I put the chalk in the one veffel, and the 
lime in the other. 

" An efFervefcence attended the precipitation by 
chalk, but without heat ; the mercury precipitated in 
a light yellow powder, at the fame time the chalk 
was difTolved in the nitrous acid. The precipitation 
by the lime was effected without efFervefcence, but 
with heat ; the mercury was precipitated in a brownifh 
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powder. When the precipitates were well fubfided, Metalline 
i decanted off the liquors from them, aud carefully Subltanct*. 
edulcorated them. After which, I caufed them to be W ~' TV 
dried in a heat nearly equal to that in which mercury 
boils. 

'« The precipitate by the chalk weighed 2 ounces 2 
drachms 45 grains ; that by the lime weighed 2 oun- 
ces 1 drachm 45 grains. 

" Sixteen ounces of the nitrous acid, the fame as 
employed in the former experiments, were placed in 
a matrafs, and fome iron filings gradually added. The 
efFervefcence was brifk, attended with great heat, red 
vapours, and a very rapid difcharge of elaftic fluid : 
the quantity of iron neceflary to attain the point of 
faturation was 2 ounces 4 drachms ; after which, the 
lofs of weight was found to be 4 drachms 19 grains. 
As the folution was turbid, I added as much diflilled 
water as made the whole weight of the folution to be 
exactly 6 pounds. 

*S I took two portions, each weighing 12 ounces of 
the above folution, and containing 2 ounces of nitrous 
acid, and 2 drachms 36 grains of iron filings. I pla- 
ced them in two feparate veflels. To one were added 
6 drachms 36 grains of chalk ; and to the other 4 
drachms 36 grains of flacked lime, being the quantities 
neceflary to faturate the acid. 

" The precipitation was effected by the chalk with 
efFervefcence and tumefaction, that by the lime with- 
out either efFervefcence or heat. Each precipitate 
was a yellow brown ruft of iron. They were wafhed 
in feveral parcels of diflilled water, and then dried in 
an heat fomewhat fuperior to that ufed in the laft ex- 
periment. 

" The precipitate by the chalk, when dried, was a 
greyifh rufl of iron, inclining even to white by veins. 
It weighed 6 drachms 35 grains. That by the lime was 
rather yellower, and weighed 4 drachms 69 grains. - t $ 

" The refult of thefe experiments (fays M. La- Confe- 
voifier) are, 1. That iron and mercury diflblved in quences 
the nitrous acid acquire a remarkable increafe of from his 
weight, whether they be precipitated by chalk or by ex P en_ 
lime. 2. That this increafe is greater in refpect to ments • 
iron than mercury. 3. That one reafon for thinking 
that the elaftic fluid contributes to this augmentation 
is, that it is conftantly greater when an earth is em- 
ployed faturated with elaflic fluid, fuch as chalk, than 
when an earth is ufed which has been deprived of it, 
as lime. 4. That it is probable that the increafe of 
weight which is experienced in the precipitation of 
lime, although not fo great as that by chalk, proceeds 
in part from a portion of the elaftic fluid which re- 
mains united to the lime, and which could not be fepa- 
rated by the calcination." „. 

But though we are naturally enough inclined to Not well 
think that the increafe of weight in the precipitates founded, 
formed by lime proceeded from fome quantity of ela- 
ftic fluid or fixed air which remained combined with 
the lime, it is by far too great to be accounted for in 
this way, even according to the experiments men- 
tioned by M. Lavoilier himfelf, and which, from the 
manner in which they are told, appear to have been 
performed with the greateft accuracy. He found, 
that r ounce 5 drachms and 36 grains of flaked lime 
contained 3 drachms and 3 quarters of a grain of water, 
I -2 and 
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nly 16 grains and an half of claftic fluid were fe« 

lc from it. In the experiments above related", 

drachms and 36 grains were employed', 

ihc quantity ol exceed 6 or 8 

^ ct the calx was increafed in mercury by no 

than io> grains, and in iron by 203 grains ; a 

quantity quite unaccountable from the elaftic fluid or 

air which we can fuppofe to be contained in the 

lime made life of. It is much more probable, that the 

increafed weight of metallic precipitates, formed by 

lime, arifes from an adhelion of part of the acid. 

Metals are found to be compounded of 1 a kind of 
'earth mixed with the inflammable principle or phlo- 
giiton ; and by a diffipation of the latter, all metallic 
bodies, gold, lilver, and plalina excepted, are capable 
of being reduced to a calx, but very different degrees 
of heat are required for calcining them. Lead and tin 
l to calcine as foon as they are melted, long be- 
fore they arc made red-hot. The fame happens to the 
femimetals bifmuth and zinc ; the latter indeed being 
combuftiblc, cannot bear a greater heat in open velfels 
than that which is barely fufficicnt to melt it. Iron 
and copper require a red heat to calcine them ; though 
the former may be made partly to calcine by being 
frequently wetted in a degree of heat confiderably be- 
low that which is fufficicnt to make it red. 

Moll metals undergo a kind of fpontaneous calcina- 
tion in the open air, which is called their rujiiiig; and 
which lias given occalion to various conjectures. But 
M. Lavoilier has Ihown, that this arifes from the lix- 
able part of the atmofpherc attaching itfelf to their 
earthy part, and d if charging the phlogiiton. Accord- 
ing to him. no metallic body can ru(l but where 
there is an abforptioa of air ; and confequently metals 
can be but imperfectly ruffed when kept under a re- 
ceiver. 

If two metals are mixed together, the compound 
generally turns out more fufibie than either of them 
was before the mixture. There are indeed great 
differences in the degrees of heat rcquilite to melt 
them. Thus, lead and tin melt below that degree of 
heat which is required to make quickfilver or linfeed- 
oil boil. Silver requires a full red heat, gold a low 
white heat, copper a full white, and iron an ex- 
treme white heat, to make it melt. The femimetal 
called bifmuth melts at about 460 of Fahrenheit's 
thermometer, and tin at about 422 . When mixed 
in equal quantities, the compound melted at 28 3 . 
When the tin was double the bifmuth, it required 534° 
to melt it ; with eight times more tin than bifmuth, 
it dW not melt under 392 . If to this compound lead 
is added, which by itfelf melts in about 540 , the fu- 
fibility is furprifingly increafed. Mr Romberg pro- 
pofed for an anatomical injection a compound of lead, 
tin, and bifmuth, in equal parts ; which he tells us 
keeps in ration with a heat fo moderate that it will 
not lin^e paper. Sir Ifiuc Newton contrived a mix- 
ture of the abovementioned metallic fubftanccs, in 
fuch proportions that it melted and kept fluid in a heat 
itill fmaller, not much exceeding that of boiling water. 
A compound of two parts of Iced, three parts of tin, 
and five of bifmuth, did but juit ftirien at that very 
heat, and fo would have melted with very little more ; 
and when the lead, tin, and bifmuth, were to one ano- 
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thcr in the proportions of t, 4, and 5, the compound Metalline 
melted in 246". \\ e have fcen, however, .1 piece of Snbftancei. 
metal compounded of thefe three, the proportions un- * ' 
known, which melted, and even underwent a llight 
e of calcination, in boiling water, ami barely llif- 
fened in a degree of beat fo gentle that the hand could 
almoll bear it. < 4 j 

A flight degree of calcination feems to give the Solubility- 
acids a greater power over metallic fubftanccs j a of m 
greater makes them lefs foluble ; and if long and vio- jnereafed 
lently calcined, they are not acted upon by acids at 7 ca,cinn " 
all. Of all the acids, the marine has the grcatcft at- 
traction for metallic calces, and \olitalizes almoil vxcry 



one of them. 
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Sulphur readily unites with molt metals, deftroys Effe&i of, 
their malleability, and even entirely diflblves them, fulphuron 

On gold and plalina, however, it has no effect, till nutal,. 
united with a fixed alkaline fait, when it forms the 
compound called he par fuiphuris ; which is a very 
powerful folvent, and will make even gold and pla- 
tina themfelvcs foluble in water, fo as to pal's the 
lilter. This preparation is thought to be the means 
by which Moles diffolved and gave the Israelites to 
drink the golden calf which they had idolatroufly fct 
up. 

When a metal is diffolved in an acid, it may be 
precipitated, not only by means of calcareous earth 
and alkalies, but alfo by fomc other metals ; for acids 
do not attract all metals with equal ftrengih ; and it 
is remarkable, that when a metal is precipitated by 
another, the precipitate is not found in a calcined ftate, 
but in a metallic one. The reafou of this is, that the 
precipitating metal attracts the phlogiflon which is ex- 
pelled from that which is dilTolving, and immediately 
unites with it, fo as to appear in its proper form. The 
various degrees of attraction which acids have for the 
different metals is not as yet fully determined. The 
belt authenticated are mentioned in the Table of Affi- 
nities or elective attractions (Sect. IX.) 

Metalline fubftanccs are divided into metals and fe- 
mimetals. The metals which are diftinguilhed from into metab 
the femimetallic fubftanccs by their malleability or ami ftmi ~ 
ltrctching under the hammer, are in number feven ; mctals - 
gold, filver, copper, iron, lead, tin, and plarina. To 
thefe is added quickfilver ; which Mr Brown's expe- 
riments have mown to be a real malleable metal, as 
Well as others, but requiring fo little heat to keep it 
in fufion, that it is always found in a liquid ftate. The 
femimetals are bifmuth or tin-glafs, zinc, regulus of 54^ 
antimony, and cobalt, nickel, and arfenic. This lalt pro P crt,es 
fubftance is now difcovered to be compounded of an acid arkmc " 
of a peculiar kind and phlogiiton ; and as the quantity 
of the latter is great or fmall, the arfenic affumes ei- 
ther a metallic or faline form. It likew ife unites v. ith 
fulphur, with which it forms a compound of a red or 
yellow colour, according as more or lets fulphur is 
ufed. This compoj (ily fufibie ; though the 

arfenic, by itfelf, is fo volatile as to go all off in vapour 
rather than melt. In common with the falts, it pof- 
felles the properties of dilTolving in water, and uniting 
itfelf to alkalies. Water will diilolvc about ' of its 
t of pure arfenic ; but if arfr-nic is boiled in a 
line lixivium, a mucfi greater proportion 
will be diiTolved. Indeed flrong aikaiitie lixivia will 
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Waters^&c. folve a part ofalmoft every metalline fubftance, except 
g ' gold, filver, and platina ; but, excepting copper, 
which may be formed into cryftals by means of the vo- 
latile alkali, none of them will alfiime a cryftalline 
form when united with alkalies. Arfenic, on the 
contrary, unites very readily with fixed alkalies, and 
fhoots with them into a neutral fait. If it is mixed 
with nitre, it unites itfelf to the alkaline balls of that 
fait, and expels the acid in very volatile fumes, which 
are difficultly condenfed into a blue liquor. The rea- 
fon of this is the great attraction between the nitrous 
acid and phlogifton, which are always difpofed to unite 
when a proper degree of heat is applied. Was the 
phlogifton contained in large quantity in the arfenic, 
and the heat fufficiemly great, a violent deflagration 
would enfue ; but as the acid of arfenic attracts the 
alkaline part of the nitre, at the fame time that the ni- 
trous acid attracts the phlogifton, a double decompo- 
fition enfnes, in a lefs degree of heat than would other- 
wife be neceffary ; and the nitrous acid arifes in a very 
volatile ftate, as it always is when combined with phlo- 
gifton, which is the occafion of the bluenefs in aqua- 
fortis fo produced. The arfenic is alfodecompofed by 
being deprived of its proper quantity of phlogifton ; in 
confequence of which its acid attaches itfelf to the fix- 
ed alkali of the nitre, and forms a neutral arfenical 
fait. For the extraction of metallic fubftances from 
theirores, andthevariousmethodsof refining them, fee 
Metallurgy. 

Sect. VII. Waters. 

The pure element of water, like that of fire, is fo 
much an agent in molt chemical operations, as to be it- 
felf very little the objett of practical chemifi ry . Some 
late experiments, however, have mown that this fluid 
really confifts, in part at leaft, of phlogifton, and an in- 
vifible fubftance which forms thebaiis ofpure air : and 
confequently water is generated in the deflagration of 
dephlogifticated air ; but as the bafis of the -former 
cannot be perceived by itfelf, we can as yet fay nothing 
Waterliow aDout: lt - Waters, therefore, can only be the objects 
faranobjecft °f chemiftry, in confequence of the impurities they 
of chemi- contain : and as thefe impurities are moft commonly 
fay- of the falinekind, it is impoihble that any general theo- 

ry can be given of waters, diftinct from that of the 
falts contained in them ; which all depend on the ge- 
neral properties belonging to falts, and which we have 
already mentioned. Any thing that can be faid with 
regard to waters, then, muft be poftponed to the parti- 
cular coniideration of the properties of each of the fa- 
line bodies with which water is capable of being adul- 
terated. Wefhall therefore refer entirely to the article 
Water in the order of the alphabet, for what can be 
faid on this fubjecT:. 

Sect. VIII. Animal and 'Vegetable Sub fiances. 

Chemical Th e general chemical properties of thefe have been 
properties, already taken notice of under the name of inflammable 
fubfiances. They agree in giving out a very thick fe- 
tid oil, when diftilled by a ftrong lire ; but in other 
refpects they differ very coniiderably. Moft kinds of 
vegetables give out an acid along with the oil ; but all 
animal fubftances (ants, and perhaps fome other infects, 
excepted) yield only a volatile alkali. Some kinds of 
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vegetables, indeed, as muftard, afford a volatile alkali Chemical 
on diftillation, funilar to that from animal fubfiances ; Characters . 
but inftances of this kind are very rare, as well as of , ~"~ v 
animals affording an acid. Both animal and vegetable 
fubftances are fufceptible of a kind of fermentation, 
called putrefaction, by which a volatile alkali is produ- 
ced in great plenty: there is, however, this remark- 
able difference between them, that many vegetable 
fubftances undergo two kinds of fermentation be- 
fore they arrive at the putrefactive ftage. The firftis 
called the v inous, when the ardent fpirits are produced, 
which we have already mentioned when fpeaking of 
inflammable fubftances. This is fucceeded by the ace- 
tous, wherein the vegetable acid called vinegar is pro- 
duced in plenty : andlaftly, the putrefactive ftage fuc- 
ceeds when a volatile alkali is only produced ; not the 
fmalleft veftige either of ardent fpirits or of vinegar re- 
maining. On the other hand, animal fubftances feem 
fufceptible only of the putrefactive fermentation ; no 
inftance having ever occurred where there was the leaft 
drop, either of ardent fpirit or of vinegar, produceel 
from a putrified animal fubftance. (See Fermenta- 
tion and Putrefaction.) 

Sect. IX. Of the Chemical Characters, and Tables 
of Elective Attraction. 

The numerous markso^ charafiersby which the an- invention 
cient chei lifts ufed to denote many different fubftances of marks 
were invented rather from a fupeiftitious and faniafli- or chasac- 
cal principle than from any real neceffity ; or, peihaps, t£rs * 
like the enigmatical language uied by the alchemiits, 
they have thereby fought to conceal their myiteries. 
from the vulgar. In contriving thefe marks, they af- 
f< • it 1 a great deal of ingenuity ; intending them as 
fymbols of the qualities poieffed by each of the diffe- 
rent fubfiances. A circle being fuppofed the moft per- 
f ctfigure, wastherefore tiled toreprefent the moll per- 
fect metal in nature, that is,gold. Silver bcinglikewife a 
perfect and indefl ructible metal, is placed next to gold ; 
but, on account of its inferiority, is exprefled only by a 
crefcent, as if but half gold. A circle was likewife ufed 
to denote fait of any kind, as being fomething elaborate 
and perfect. A crofs was ufed to denote acrimony of 
any kind, and confequently employed for the acrimo- 
nious falts of vitriol, alkali, &c. Hence all the in- 
ferior metals have the crofs fome how or other com- 
bined with the marks defigned to reprefent them. 
Thus, the mark for quickfilver denotes, that it hath the 
fplendor of filver, the weight of gold, but its perfection 
is hindered by an acrimony reprefented by the crofs at 
bottom, &c. Fire is reprefented by an equilateral 
triangle, having one of its angles uppermoft. This 
may be confidered as a rude reprefentation of flame, 
which is always pointed at top. Water, again, is re- 
prefented by a triangle, with an angle downwards, 
mowing the way in which that element exerts its 
ftrength, &c. All thefe marks, however, as they 
were of no real ufe at firfl, fo they are now becoming 
everyday more and more neglected. Such of them, 
however, as may moft readily occur in chemical books 
are reprefented and explained on Plate CXXXII. 

The French chemifts have of late attempted to in- New che- 
troduce a kind of new chemical language ; and by a- tnicallan- 
dopting it themfelves, may perhaps make it at laft uni- g»age- 

verfal. 
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vs vrrfal, as it is now impofGblc to undcrftand thcirwri- 
Attradion . dan without knowing it. Sec the Table at the end 
~pf\ of thjj article. 

Talifs of affinities, or tlefliv? attractions, are but of 
affinities. Late invention. They are confequences of an impro- 
ved ftatc of chemiftry, when the different fubltances 
were found to act upon one another in molt cafes ac- 
cording to a fixed and fettled rule. The moft appro- 
ved table of this kind for a long time was that compo- 
fed by Mr Gcoffroy. It was, however, found to be 
very incomplete, not only as to its extent, but like- 
wife as heat and fome other circumftances were found 
to vary the attractions confiderably, and fometimes 
even to revcrfe them. Other tables have been conflic- 
ted by Mr Gcllert, &c. but none hath yet appeared lb 
complete but that many additions may be made to it. 
The following is that at prefent exhibited by Dr Black 
in his courfe of chemiftry. 



Theory. 



i. Vitriolic Acid. 
Phlogilton 
Terra ponderofa 
Fixed alkali 
Calcareous earth 
£inc 
Iron 
Tin 
Copper 
Quickfilver 
Silver 

Volatile alkali 
Magneiia 
Earth of alum. 

2. Nitrous Acid. 
Phlogilton 
Fixed alkali 
Calcareous earth 
Zinc 
Iron 
Lead 
Tin 
Copper 
Chiickfilver 
Silver 
Volatile alkali. 

3. Marine Acid. 
Fixed alkali 
Calcareous earth 
Zinc 
Iron 
Lead 
Tin 
Copper 

Regulus of antimory 
Quickfilver 
Silver 
Spirit of wine 

■ tile oils 
Gold. 

4- Sulphur. 
u 'ixed alkali 
Calcareous earth 
Iron 
ltd 



Copper 

Lead 

Tin 

Silver 

Regains of antimony 

Quicklilver 

Arfenic. 

5. HEPAR SULTHURIS is 

partially decompounded 

by 
Quickfilver 
Solution of fixed alkali 
Lime-water 
Volatile alkali. 

6. Fixed Air* 
Calcareous earth 
Fixed alkali 
Magneiia 
Volatile alkali. 

7. Alkaline Salts. 
Vitriolic acid 
Nitrous acid 
Marine acid 
Acetous acid 
Volatile vitriolic acid 
Sedative fait 
Fixed air 
Sulphur 
Expreffed oils. 

8. Calcareous Earth. 
Vitriolic acid 

Nitrous acid 
Marine acid 
Acid of tartar 
Acetous acid 
Sulphureous acid and fe- 

dative fait 
Sulphur. 

9. Metallic Subtsan- 
ces, Lead and Regulus 
of Antimony excepted. 

Marin'? acid. 



Vitriolic acid 

us acid 
Sulphur and acetous acid. 

10. Lead. 

Yin iolic acid 
Marine acid 
Nitrous acid 
Acetous acid 
Exprclled oils. 

11. Regulus of Anti- 
mony. 
Vitriolic acid 
Nitrous acid 
Marine acid 
Acetous acid. 

12. Arsenic. 
Zinc 
Iron 
Copper 
Tin 
Lead 
Silver 
Gold. 

13. Regulus of Anti- 



mony with Metals, 
Iron 
Copper 
Tin 
Lead 
Silver 
Gold. 

14. Quicksilver. 
Gold 

Lead and tin 
Copper 

Zinc, bifmuth, and regu- 
lus of antimony. 

1;. Silver. 
Lead 
Copper 
Iron. 

16. Water. 

Fixed alkali 
Spirit of wine 
Milk, alkaline falts, audi 
fome neutrals. 

17. Spirit of Wine. 

Water 

Oils and refins. 



In confequence of heat, fedative fait and the othe 1 ' 
folid acids decompound vitriolated tartar, nitre, an 
fea-falt. 

Double Elective Attractions ; which, in fome 
cafes, may be confidered as exceptions to the 
foregoing table. 



I. Thofe which happen 
fiances. 

Acids 
Calc.earths,orme- 

tallic fubftances 
Vitriolic or marine 

acids 
Alkalies or eatths 
Lead 
Nitrousmarine,or 

acetous acids 
Silver 

Vitriolic, nitrous, 
or acetous acids 
Volatile alkali 
Acids 
Nitrous, marine, 

or acetous acids 
Calcareous earths 
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in mixtures of watery nib' 

Volatile alkali 
Fixed air. 

Mercury, filver, or leadj 

Nitrous or acetous acids. 
Vitriol acid 
Alkalies, earths, or 

M.S. 
Marine acid 
Alkaline falts, earths, or 

M. S. 
Fixed air 
Fixed alkali. 
Volatile alkali, magneiia^ 

or earth of alum 
Vitriolic acid. 



II. Thofe which happen in diflillations or fublim2- 
tions, and require heat. 



^. 



Vol. alkali 
Acids 

Vol. alkali 

Vitriol, acid 
Vol. alkali 
Nitrous, marine, 
or vitriolic acids 



Fixed aii- 
Calcareous earths. 
Nitrous, marine, or ace- 
tous acids 
Fixed alkali. 
Acetous acid 

Fixed alkali, or ablbrbent 
earth*. 
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Reg. of aniimon. Marine acid 
Sulphur Qjiickfilver. 

III. Thofe which happen in mixtures by fufion. 
Iron 
Lead. 

Sulphur 



Tin 
Silver 
Copper 

Gold Lead. 

, M. S. Sulphur 

3" 3 Gold Reg. of ant. 

The firft of thefe tables requires very little expla- 
nation. The names printed in fmall capitals, are thofe 
of the fubftances which have the affinity with or at- 
tract thofe below them. Thus, vitriolic acid attracts 
molt powerfully the phlogifton, or inflammable prin- 
ciple : next, fixed alkali ; then, calcareous earth ; and 
fo on, in the order in which they are marked. — The 
tables of double elective attractions cannot be made 
quite fo diftinft ; though an explanation of one ex- 
ample will make this likewife eafy to be underftood. 
Thus in Table I. ti;e firft cafe is, " If a combination of 
acids with calcareous earths or metallic fubftances is 
mixed with a combination of volatile alkali and fixed 
air, the acids will unite themfelves to the volatile al- 
kali, and the fixed air to the calcareous earth or me- 
tallic fubftance. 

Sect. X. Of the different Operations in Prac- 
tical Chemijlry, and the proper Instruments for per- 
forming each. 
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Operations The mo'ft remarkable operations in chemiftry, and 
in chemi- by which the greateft changes are made upon thofe 
^ r y* bodies which are the objects of that fcience, may be 

comprehended under the following names, i. Solu- 
tion. 2. Filtration. 3. Precipitation, or coagulation. 
4. Evaporation. 5. Cryftallization. 6. Diftillation. 
7. Sublimation. 8. Deflagration. 9. Calcination. 10. Fu- 
fion. 11 Maceration, or digeftion. To which we 
... may add, 12. Trituration, or levigation. 
Chemifts Before we proceed to a particular account of each 
how divid- of thefe operations, it is necelTary to take notice, that 
«d. there are two different things propofed by thofe who 

enter on the practice of chemiftry. Some have no- 
thing farther in view than the enlargement of their 
knowledge, or making improvements in arts which 
are to be practifed by others for their own advantage. 
Others delign to follow chemiftry as a trade, by which 
they hope to enrich themfelves, or to get a comfortable 
livelihood. But the apparatus and utenfils neceffary 
for performing the very fame operations are exceed- 
ingly different when experiments only are to be made, 
from what they mult be when thefe operations are 
performed with a view to profit ; and fo great is this 
difference, than thofe who purfue chemiftry with a 
view to advantage, will always find themfelves very 
confiderable lofers if they follow the plan of an appa- 
ratus or a laboratory defigned only for making expe- 
riments. Along with the apparatus, therefore, which 
is commonly defcribed in chemical books, and proper 
only for experiments, we ihall alfo give that which is 
necelTary for preparing great quantities of any chemi- 
556 cal article in the way of trade. 
Cilafs vef- In general, thofe who practice chemiftry merely 
fcls, when w ] t h. an experimental view, ought, as much as pof- 
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fible, to make ufe of glafs veffels, as not being liable Chemical 
to be corroded by the moft powerful lolvents ; and, Opera- 
by their tranfparency, giving an opportunity of ob- t ^"' 
ferving what palfes within them during the operation. 
But by thofe who practifc chemiftry with a different 
view, thefe veffels ought, with equal care, to be a- 
voided, on account of their expence and brittlenefs. 
This laft quality, indeed, is pofieiied by glafs in fo 
eminent a degree, that glafs veilels will lometimes 
fly to pieces, and that with confiderable violence, 
when Handing by themfelves, and nothing touching 
them. The principle objects which a chemift ought 
to have in view, in performing his operations, ought 
to be to fave time and fuel, efpecially the former ; and 
for this purpofe, he would find himfelf a confiderable 
gainer, though he fhould be at much greater expence 
in his apparatus than he would otherewife have occa- 
fion for. S57 

On [he fubject of chemical veffels Dr Black ob- Drislack's 
ferves, that ** with regard to the material of which obferva- 
thefe are compofed, we are very much at a lofs ; and tI . ons on . 
indeed there are no fuch materials in nature as are ca 
pable of anfwering the purpofes of chemifts in abfo- 
lute perfection — The qualities are, 1. Tranfparency 
to allow us to fee the changes going on ; 2. The power 
of relifting the action of acids and corrofive fubftan- 
ces ; 3. That they bear fudden alterations of heat and 
cold without breaking ; 4. That they be ftrong, in order 
to confine elaftic vapours ; and, 5. That they bear very 
great heat without melting. As thefe qualities, how- 
ever, are not to be met with united in any one fub- 
ftance, the chemifts are obliged to have recourfe to 
different fubftances which poffefs fome of them dif- 
ferently. Thefe arc, glafs, metal, and earthen ware. 
Glafs is pofleiTed of the two firft properties, but has bad quali- 
the inconvenience of being apt to crack and fly in ties of glafs- 
pieces, on any fudden tranfition from heat to cold, or a ? * , T' ae " 
from cold to heat. The belt method of remedying " h a cn ° r , 
this defect, is to have the glafs made very thin, and veffels. 
of a round figure, that it may be all heated as equally 
aspoffiblc ; «is it is the unequal application of the heat 
which caufes it break. Another requiiite in the choice 
of chemical glaffes, is that they be well annealed. If 
this is not done, the glafs will either immediately fly Extreme 
to pieces, or be liable to break on the fmalleft acci- fragility of. 
dent. That fuch glaffes fhould be liable to be broken glafs not 
on every flight occafion, is a phenomenon that has hi- we " annt> 
therto received no explanation. If yon touch them 
with a diamond, with a piece of flint, glafs, &c. or 
expofe them to the heat of the fun,, they break imme- 
diately. Dr Black has had great veffels of glafs, 
which broke immediately on his throwing a little find 
into them to clean them. This manifeftly depends upon 
the fame principles as the qualities of what are called 
glafs tears. 56o 

Glafs when well- annealed is univerfally to be pre- Good and 
ferred, where great and fudden changes of heat, or bad quali- 
much ftrength, are not required. Flint-glafs is the ties of me " 
belt ; but the coarfer kinds, as bottle-slafs, are very* , ? ia "" 
apt to break. chemical" 

The metals have the third and fourth qualities ve fr e i s . 
in perfection, but are deficient in all the reft. The 
moft troublefome property is, that they are liable 
to be corroded by acids and other bodies, as is the' 
cafe with iron and copper ; though this is in fome- 
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teafure remedied by tinning ; which, though it wants 
"i the qualities from its melting too loon, yet 

on i j acrid lubftanccs without bc- 

tdily injured by them; but it is not entirely 
from this imperfection, and is liable to be fonte* 
what corroded and rullcd. In nice operations, there- 
is had to lilver and even to gold vcf- 
fels. 

then ware poJBbftes only the fifth quality in pcr- 
it of bearing a violent heat without fu- 
The balis of tKcfc veflels is clay, which, when 
. is very convenient for the formation of veflels, 
and it has been u led from the earlier! ages of chemi- 
Jtry for this purpole. The requilite qualities are, I. 
A confiderable degree of tough nefs when mixed with 
water. 2. A great degree of hardnefs when burnt in 
the tire with a violent degree of heat. The belt kind 
of clay thus contracts a degree of hardnefs fcarcc in- 
ferior to flint, as is the cafe with that of which tobac- 
co-pipes are made ; but moft oilier kinds, Inch as that 
of which bricks are conftructcd, are apt to melt with 
a ftrong heat into a fpongy matter. Clay, however, 
can feldom be ufed alone ; for when burnt to ex- 
treme hardnefs, the veilels are very liable to crack. 
This is remedied by mixing land reduced to a parti- 
cular degree of finenefs, with the clay of which the 
veilels are made. For this purpole both the fineft 
and the coarfeft particles of the fand mult be thrown 
away. 

Another fubftance known by the name of black 
lead, ufed in the making of pencils, refills the fire ex- 
mitcrialfor ceedingly. This, however, docs not contain an ore 
foinc pur- of lead, but fulphur, and fome mineral fubilances ; 
when mixed with clay, however, it makes it refill the 
fire furprilingly. But there are fome particular cafes 
in which neither fand nor black lead can be ufed as a 
material ; for the fand is eafily corroded by acrid mat- 
ters, and the black lead would produce other inconve- 
niences. Clay is therefore to be taken initsunburnt 
itatc, reducing it to a powder like fand ; then burn- 
ing this powder with a violent heat, fo as to convert it 
into fand. Mixing it then with raw clay, it forms a 
compolition which aafwers very well for making che- 
; veilels, and may be employed in thofe particular 
cafes where find would not an'fwer. Pott of Berlin 
has written upon the different kinds of earthen ware 
proper to be employed in the conftruction of chemical 
veilels. There is' a Trench tranllation of it in four or 
five volumes. In cafes where the utmoft compactnefs 
of texture is required, procelain veilels are to be cho- 
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to be fen ; which is compofed of the lint It clay, mixed with 

a ftony matter, that has the quality of melting in a 

violent heat, and gives more compaclnsfs to the clay 

1I1 in it is naturally capable of receiving ; but thefe are 

rather too colli v for moft operations. Reaumur has 

,l a way of converting glafs into porcelain. 

c lhall now proceed to a particular defcription 

1 the operations abovementioned. 

1. Solution. By this is underftood the diffolvinga 

fluid, fo as that the folid fliall totally 

become part of a tranfparent liquor. 

es particularly to falts, earths, and 

to feveral unctuous and inflammable 

-forming this operation in a fmall 

. common vi Is arc in many cafes fufficient. Where 



ieory. 

the folution is attended with efiervefence and x dif* cfcea 

- ot vapours, the long-necked glaflcs called operation*. 

. (tig. y. ), are neceflary. Flo- ^"^ ' 

indeed exceedingly well adapted for PXXXIV 
this operation, as being of the proper lhape, and ca- 
pable of fcearing heat fo well, that they may he filkd 
with any tluftl, and let on a common lire like a me- 
talline veiled. Solution is much promoted by agitating 
the \cilcl, and by heat. In fome cafes, indeed, it will 
not take place till the mixture becomes very hot ; and 
in lack cafes it will be proper to make the fluid boil- 
ing hot by itfelf, and then ifowly to add the fubftance 
to be diflblved. 

When large quantities of faline matter arc to ke 
diliblved, metalline veflels mult be ufed : but before any 
are made ufe of for this purpole, it w ill be neceflary 
to make an experiment whether the fait receives any 
impregnation from the metal of which the ve .el in- 
tended to be made ufe of is formed ; and if this is 
found to be the cafe, it mull not be ufed. The me- 
tals moft liable to be corroded by faline bodies are 
iron and copper ; and indeed, unlets it be for thciinglc 
purpofe of tliiiblving fixed alkaline falts, iron veflels 
feem totally unfit for faline folutions of any kind. Cop- 
per veilels are alio very liable to be corroded, and to 
communicate very mifchevous qualities to the liquors 
which corrode them ; for which rcafon, they ought 
never to be made ui'c of for the purpofes oi folution. 
The metal kail liable to be corroded, next to gold and 
filver, is lead ; and therefore a chemift ought rather to 
provide himfelf with leaden veflels than thofe of any 
other metal. 13m though lead is not apt to be corroded 
by many kinds of falts, there are lomc which are found 
to acTl upon it, and to form thcrcw itb a very dangerous 
poifon. The vegetable acid of vinegar is particularly 
apt to receive a dangerous impregnation from this me- 
tal ; and therefore no folution of any fait containing tins 
acid ought to be made in leaden veilels. It appears to 
be very little affected by the vitriolic or marine acids ; 
and therefore any faline fubftance containing either of 
thefe acids may be fafely enough diliblved in veffels 
made of lead. 

In order to fave time in making folutions, the vef- 
fels ought to be as large as poffible ; though even in 
this there mull be a certain limit : for two fmall vef- 
fels filled with water will fooner acquire the neceflary 
degree of heat than one large one ; and in proportion 
as the veffel is made more capacious, the fides and bot- 
tom muftbe thicker, which confiderably increafes the 
expence. Fifteen or twenty Engliffj gallons is the 
ut moft capacity of which they ever will be required ; 
and is rather above what will on moft occalions be 
neceflary. They ought to be of a conical figure, 
round at the bottom ; and to have a cover of thick 
plate-iron all around that part w Inch is cxpofed to the 
action of the fire, that the lead may not bend on the ap- 
plication of heat, which it would othcruife be 
apt to do. "When the folution is to be made, the leaden 
veffel isiirft to be filled up with water fo far as to have 
room for the quantity of fait intended to be ciliolved : 
a fir is then to be applied foas to make it boil : 
then the fait is to be added fiowly, fo as fcarr 
hinder the boiling ; for if a great quantity v, 
in at once, fo as to cool the liquor very much, great 
of the fait would concrete on the bott< m, in fuch 
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Chemical a manner as not only to be very difficultly foluble, but 
Operations even endanger the melting of the velfel. It is of fome 
w ~" v ' confeqnence alfo to avoid the hot fleam which proceeds 
from the boiling water, and which iilues with great 
force from a narrow-mouthed velfel, fuch as we have 
been defcribing. That the operator may be out of the 
reach of this, and likewife diilblve the fait in a regular 
and gradual manner, without any danger of its concre- 
ting on the bottom, it will be proper to have a leaden, 
or even a wooden, velfel, with a long handle ; which 
is to be filled with the fubftance to be diflblved, then 
immerfed in the boiling liquor, and fhaken about in 
it, till the fait is made into a kind of thick pap, which 
will be in no danger of concreting. It will alfo be 
proper not to faturate the water perfectly with fait ; 
for it will in that cafe be impoflible to hinder part of 
it from fettling on the bottom, where it foon acquires 
fuch a degree of heat as to melt the lead. Before any 
faline fubftance is put into water for folution, it ought 
to be pounded and fifted through a hair fieve. 

Where large quantities of metal are to be diflblved 
in acids, efpccially the nitrous acid, glafsveffels are in 
a manner indifpenfable ; although the common flone- 
ware bottles, efpecially thofe made in Holland, will an- 
fwer the purpofe very well, as not being liable tocor- 
rofion, and not fo apt to break as the glafs vefTels are. 
They may be got of fuch a fize as to hold three or four 
gallons : but no veiTel in which metalline folutions are 
made ought ever to be above half full. 

In folutions of oily and inflammable fubftances, caft 
iron vefTels are perhaps the moft proper of any ; though 
copper ones are generally preferred. The copper is 
exceflively foluble in oil, efpecially if it ii> left to cool 
in fuch a velfel ; but iron is not foluble in any inflam- 
mable matter except fulphur. Copper has, however, 
this advantage over iron, that it is fooner cooled, as the 
vefTels made of copper are thinner than they can be 
made of caft iron : fo that if too great heat is applied 
to a copper veffel, it may be eafily remedied by taking- 
it off the fire ; but in a caft iron veffel the heat conti- 
nues fo long as may fometimes produce dangerous con- 
fequences, even after the fire is removed. 

Dr Black obferves, that for the purpofe of folution, 
if no particular nor uncommon coniequence follow the 
application of the two bodies to each other, and if 
none of them be very volatile, any glafs or porcelain 
veffel that can refift the action of the fubftances will an- 
fwer the purpofe -, but it often happens that they break 
out into violent ebullition, which produces fteam ; and 
here a common veffel is not fo proper, as we would 
wifh to have the vapour confined or condenfed. We 
therefore choofe a clofe veffel that will bear the heat 
fuddenly produced by the mixture, or the heat that 
may be neceffary to promote the action of fuch bodies 
upon one another. Of this kind is the phiala chemica, 
or matrafs, in which the vapours will have time to cir- 
culate and to be condenfed again, without being allowed 
to efcape. Where the matter is in fmall quantity, 
fmaller veifels fomewhat of the fame form are ufed, as 
Florentine flafks, which bear fudden changes of heat 
and cold remarkably well, on account of their hinnefs. 
In order to promote the action of bodies, it is fometimes 
neceffary to make the fluids boil ; and for this purpofe 
we muft have a matrafs with a large neck, or apply 
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another veffel to it that will receive thefe fleams, and Chemical 
give them ftill more room for their condenfation, and Operations 
direct them to fall back again, when condenfed, into 
the matrafs. This is called circulation. Macquer de- 566 
fcribes another veffel called the pelican, which has Pelican, 
been made ufe of for this purpofe ; but it is hardly fl £* "• 
ever employed, on account of its being fo troublcfome 
to procure and manage it ; and the advantages arifing 
from it may be obtained by a more fimple apparatus. 567 

To this head we muft refer Papin's digefter, which Papin's di- 
is reprefented Fig. 4. It is generally made of cop- gelfer. 
per, very thick and ftrong, open at the top, with p4vvm 
a lid fitted to it, which applies very exactly. There 
are ufually two projections on the fide, dcligned 
to make the lid go in a particular manner, but they 
are unneceffary. There are other two, to which are 
fitted the two fides of a crofs bar B B ; in which crofs 
bar there is a ftrong fcrew D, by which the lid can be 
preffed down very ftrongly. Its ufe is to force wa- 
ter to bear a ftronger heat than it can do under the 
ordinary preffure of the atmofphere. It is foinetimes 
furnifhed with an apparatus for letting out the fleam, 
left it fhould be in danger of burfting the veffel. A pipe 
is palled through the lid which is fitted with a valve, 
on which paffes a lever at a very fmall diftance from its 
centre of motion ; and this can be made to prefs on the 
valve with different weights, according to the diftance 
of thefe weights from the centre. In one conftructed 
by Dr Black, there was another pipe below, into which 
a thermometer could be introduced, in order to mea- 
fure the degree of heat to which the fteam was raifed. 
This machine was pretty much employed fome time 
ago, and its effedts were much admired ; but we find 
that moft things which can be diflblved in this way, 
can likewife be diflblved in the ordinary way by boil- 
ing water, provided it is continued for a longer time, 
as animal bones, from which the gelatinous parts are 
indeed extracted very quickly by this veffel ; but the 
fame change is produced by boiling them in water for a 
long time in the ordinary degree of heat. .^ 

II. Filtration. This operation is generally the Filtration, 
attendant of folution : very few fubftances, of the faline 
kind efpecially,arecapableof beingdiffolved without lea- 
ving fome impurities, from which they muff be freed ; and 
the doing of this, fo as to render the folution perfectly 
transparent, is what is underftood by the word filtration. 

For purpofes merely experimental, a glafs funnel 
and piece of paper are generally fufficierrt. The pa- 
per is formed into a conical cap, which being placed in 
the funnel with its point downwards, the funnel is then 
placed in the month of a vial ; and the folution or 
other liquor to be filtered is poured into the paper cap, 
through which the liquor palles tranfparent, leaving its 
impurities on the paper. For the purpofe of filtration, 
paper has come into fuch general tuc, that a particular 
kind of it is prepared under the name of filtering paper. 
This is of a reddifh colour ; but Dr Lewis prefers the 
whitifh grey paper which comes from Holland about 
the pill boxes, as not giving any colour to the folutions 
which pafs through it. 

This operation though apparently fo fimple and eafy, 

is neverthelefs attended with very troublefome circum- 

ftances, on account of the great time it takes up. Even 

where very fmall quantities of liquor are to be filtered, 

K merely 
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■'.ike, the impurities frequently 

, 

■ is often quite wearied out : 
t, too, the paper breaks ; and thus the whole is 
ie operation mull ue begun over again. 
thefe inconveniences, another method of 
filtration has been propofed ; namely, to ule a num- 
ids, the ends ol [c im- 

;d in the liquor, and the other ends are to 
the lide of the vcll'el which contains it, and to 
be i'urface of the liquor. By this 
s they will act as fo many capillary fyphons, (fee 
Syphon*) j the liquor willarife in them quite pure, and 
be difcharged from their lower extremities into a vetiel 
ive it. That the liquor may Mow free- 
ly into the cotton, it will be proper to wet the threads 
before they are tried. 

In point of elHcacy, no doubt, this method excels 
every other ; and where the operator has abundance 
01 time and patience, may be proper for experiments; 
but, in the way of trade, fuch a contrivance is evi- 
dently ufelefs. For filtering large quantities of liquor, 
therefore, rccourfe has been had to large funnels ; 
earthen cullenders, orbafons full of holes in the bot- 
tom, lined with filtering paper; and to conical bags of 
flannel or canvas 

The inconveniences attending funnels, when ufed 
only in the way of experiment, are much greater 
when they are employed for filtering large quantities 
of liquor j and therefore they are generally laid afule. 
The earthen cullenders, too, do not anfwer any good 
purpoie ; nor indeed does filtration through paper in 
general fucceed well. The conical flannel or canvas 
bags are greatly preferable : but they have this in- 
ivenience, that the prellure of the liquor is directed 
chiefly againft one particular point, or a fmall part of 
the bottom, and therefore the impurities are forcibly 
driven into that place ; and thus the operation be- 
comes infufferably tedious. 

The bell method of obviating the inconveniences 
of filtration feems to be the following. Let a wooden 
frame of about three feet fquare be made, having 
four holes, one in each corner, about three quarters of 
an inch in diameter. This frame is to be fupported 
by four feet, the ends of which muft project an inch 
or two through the holes. Thus the w hole may be 
occalionally fet up and taken down fo as to go into 
very little compafs ; for if the feet are properly pla- 
ced, each with a little projection outWaUds, there will 
be no danger of its falling. A fquare piece of can- 
vas mu ft alfo be procured, fomewhat lefs than the 
wooden frame. On each corner of it there muft be 
a very ftrong loop, which Hips on one of the project- 
ing ends of the feet, fo that the canvas may hang a 
little llack in the middle of the frame. The liquor to 
be filtered is now poured into the canvas, and a vef- 
fel placed underneath to receive it. At firft it will 
pafs through very fool ; but being returned two or 
three times will become perfectly tranfparent, and 
1 continue to run with great velocity, if the filter 
kept conftanfly full. A filter of the fize juft now 
rationed will contain ten gallons of liquid ; which is 
a very great advantage, as the heat of fuch a quantity 
liquor is not foon ditfipated, and every folution fil- 
when hot than when allowed to cool. 
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advantages of a filter of this kind above others Chankal 
irons the prelum* of the liquor being more equally Or" - "'' n » 
large fpacc, by w hich the impurities are ' * 
not forced fo ilrongly intothecloth as to ftop it up entire- 
ly. Yet even here, where large quantities of liquor re- 
quire filtration, the cloth is apt to be flopped up fo as to 
make l ion not a little tedious and difagrceable. 

It will be proper therefore to .' , that 

one may be applied as foon as another is taken i 

To promote the operation of filtration, it is very 
proper to let the liquors to be filtrated fettle for fome 
time ; that fo their groifer fecNilencies may fall to the 
bottom, and thus there will be the fewer to retard the 
lilt part of the operation. Sometimes, however, thefe 
feculencies refufe to fettle till after a very long time ; 
and where this happens to be the cafe, a little pow- 
dered quicklime throw n into the boiling liquor remark- 
ably promotes the feparatiou. This, however, can 
only be ufed in certain cafes. , 

Jn fome cafes, the difcovery of a ready way of fil- s c j 1C mc8 
tering a large quantity of liquor would be a matter of forfiltcrinj 
great confequence ; as where a town is fupplied with large quaa- 
river water, which is generally far from being clear, tides of 
and often imparts a difagrceable colour to clothes TVatcr « 
wallied with it. Some years ago, a fcheme was pro- 
pofed by a chemift for filtering muddy water in any 
quantity. His method was, to have a large cafk co- 
vered over in the bottom with ft raw to the depth of 
fome inches, and then filled up with fand. This cafk 
was entirely open at one end, and had a hole in the 
other, which, by means of a leaden pipe, commu- 
nicated with a large refervoir of the water to be fil- 
tered, and which flood confiderably higher than the 
cafk. The water which defcended through the pipe 
into the cafk, having a tendency to rife up to the fame 
level with that in the refervoir, would prefs violently 
againft the fand, and, as he thought, run over the 
mouth of the cafk perfectly filtrated, and free from its 
impurities. By this contrivance, indeed, a very vio- 
lent prelliire was occaiioned, if the height of the re- 
fervoir was confiderable : but the confequence was, not 
a filtration, but a greater degree of impurity in the wa- 
ter ; for the fand was forced out of the cafk along with 
it, and, however confined, the water always arofe as 
muddy as it went in. 

Where water is to be filtered in large quantity, as 
for the purpofes of a family, a particular kind of foft 
fpongy ftones called filtering jlo?ies, are employed. 
Thefe, how r ever, though the water percolates through 
them very fine, and in fufficient quantity at firft, arc 
liable to be obftructed in the fame manner as paper, 
and are then rendered ufelefs. A better method feems 
to be, to have a wooden veffel, lined with lead, three 
or four feet wide at top, but tapering fo as to end in a 
fmall orifice at the bottom. The under part of the 
veffel is to be filled with very rough fand, or gravel, 
well freed from earth by waftiing. Over this, pretty 
fine fand may be laid to the depth of 12 or 14 inches, 
but which muft likewife be well freed from earthy 
particles. The veffel may then be filledup to the top with 
water, pouring itgently at firft, left the fand fhould be too 
much difplaced. It will foon filter thro' the fand, and 
run out at the lower orifice exceedingly tranfparent, and 
likewife in very confiderable quantity. When the upper 
part of the fand begins to be flopped up, fo as not to allow 
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Chemical a free paffage to the water, it may occaiionallybe taken 
Operations off, and the earthy matter warned from it, when it will 
be equally ferviceable as before. 

111. Precipitation or Coagulation. This ope- 
ration is the very reverfe of folution, and is the bringing 
a body fuddenly from a fluid to a folid Hate. It differs 
from cryftallization, in that it generally requires lefs 
time ; and in cryftallization the fubftance affumes re- 
gular figures, whereas precipitates are always in the 
form of powders. 

Precipitation is generally preceded by folution and 
filtration: it is ufed for feparating earths and metals 
from the acids which had kept them fufpended. When 
a precipitation is made of the more valuable metals, 
glafs veffels are to be ufed. When earths, or the 
imperfect metallic fubftances, are to be precipitated in 
large quantity, wooden ones anfwer every purpofe. 
If a metal is to be precipitated by an alkali, this fait 
muft firft be difiblved in water, then filtered, and 
gradually added to the metallic folution. If particular 
circuim fiances do not forbid, the fait for precipitation 
fhould be chofen in its cauftic flate, or deprived of its 
fixed air, becaufe then a very troublefome effervef- 
cence is avoided. To promote the operation alfo, 
the mixture, if contained in a glafs, is to be fhaken ; 
or if in any other veffels, to be well ftirred after every 
addition of alkali. If an earth is employed to precipi- 
tate a metal, the mixture muft be in a manner con- 
ftantly ftirred or fhaken, in order to promote the pre- 
cipitation ; and if one metal is to be precipitated by 
another, that which is ufed as a precipitant muft be 
beaten into thin plates, that fo they may be frequent- 
ly cleaned from the precipitating metal, which would 
otherwife very foon totally impede the operation. 

Sometimes a precipitation enfues on the addition of 
water or fpirit of wine : but in moft cafes care mult 
be taken not to add too much of the fubftance which 
is ufed to precipitate the other ; becaufe, in fuch a 
cafe, the precipitate may be diflblved after it has been 
thrown down. Thus, though volatile alkali will f e • 
parate copper from aquafortis, it will as effectually 
diflolve the precipitate, if too much of it is ufed, as the 
acid itfelf. It is proper, therefore, to proceed cauti- 
oufly, and examine a fmall quantity of the liquor from 
time to time. If an addition of the precipitant throws 
down any more, it will be proper to add fome more 
to the whole folution. 

It is feldom or never that precipitation can be per- 
formed fo perfectly, but that one or other of the in- 
gredients will prevail ; and though they fhould no:, a 
new compound, confifling of the acid united with the 
alkali, or other lubftance ufed for precipitation, is 
contained in the liquor through which the precipitate 
falls. It is proper, therefore, to wafli all precipitates ; 
otherwife they can never be obtained perfectly pure, 
or free from a mixture of faline fubftances. This is 
beft done by pouring the whole into a filter, and let- 
ting the fluid part run off", as long as it will drop, with- 
out making the cloth. Some water is then to be cau- 
tion ily poured all over the furface of the precipitate, 
fo as to difturb it as little as pofiible. This water will 
pnfh before it the faline liquor which is mixed with 
the powder, and render it much purer than before. 
A feco.ud or third quantity of water may be ufed, in 
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order to wafh off all the faline matter. This is called Chemical 
edulcorating the precipitate. Operations 

Evaporation. This operation confifts in diffi- 
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pating the moift fluid or volatile parts of any fubftance Evapora- 
by means of heat. It moft generally fucceeds folu- tion. 
tion and filtration, being a preparatory for the opera-. 
tion of cryftallization. 

For the evaporation of faline folutions, which have 
been already filtered, and which it is of confequence 
to preferve from even the leaft impurities, diftilling 
vellels are unqueftionably the moft proper ; both as, 
by their means, the folution will be kept perfectly 
free from duft, and as the quantity of liquor evaporated 
can be known with certainty by meafuring that which 
comes over. This alio is probably the moft expediti- 
ous method of evaporating, and whichrequires the leaft 
fuel. (See the detached articles Evaporation and 
Distillation). With regard to veffels for evapora- 
tion, the fame thing muft be applicable which was men- 
tioned above under Solution. No faline liquor muft be 
evaporated in a veffel which would be corroded by it ; 
and hence iron veffels are abfolutely improper for eva- 
porations of any kind of faline liquor whatever. — 
Lead is in this cafe the metal moft generally ufeful. It 
muft only be ufed, however, where the evaporation 
is not carried to drynefs ; for, on account of the great 
fulibility of this metal, nothing could be exficcated in 
it without great danger of its melting. Where a fa- 
line liquor therefore is to be perfectly exficcated, the 
evaporation, if performed in lead veffels, muft be car- 
ried on fo far only as to form a faline pellicle on the 
furface of the liquor. It is then to be drawn off"; for 
which purpofe, all evaporating veffels fhould have a 
cock near the bottom. The liquor muft now be put 
into a number of ltone-ware bafons, fet on warm fand, 
where the exficcation may be finifhed. v7 ^. 

V. Crystallization. This, though commonly Cryfl alii- 
accounted one of the proceffes in chemiftry, is in reali- zation, 
ty only a natural one, and which the chemift can only 
prepare for, leaving the operation entirely in the hands 
of nature. — By cryftallization is meant the feparation 
of a fait from the water in which it has been diflblved, in 
tranfparent maffes regularly figured, and differently for- 
med, according to the different nature of the falts. 

This procefs depends upon the conftitution of the 
atmofphere more than any other ; and therefore is 
difficult to be performed, nor does it always fucceed 
equally well ; neither have there yet been laid down 
any rules whereby beautiful and regular cryftals can 
with certainty be formed at all times. 

As the different falts affnme very different figures 
when cryftallized, they are not fubject to the fame ge- 
neral rules in cryftallization. Nitre, Glauber's fait, 
vitriol of iron, and many others, cryftallize beft on 
having their folutions fet in a cold place after proper 
, evaporation. Sal polychreft, and common fait, require 
the folution to be kept as hot as the' hand can bear it 
during the time of cryftallizing. Soluble tartar too, 
and other deliquefcent falts, require to be kept warm 
while this operation is going on : and there are many 
faline fubftances, fuch as the combinations of calca- 
reous earths and magnefia with acids, which can fcarce- 
ly be cryftallized at all. 

Mr Beaunvi has difcovered, that when two or more 
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»l falts are diffolved in the fame annuity i • when 

_ C cryftals 

. of the others : neither, 

the liquoi >r alkaline, will the cry- 

d or alkaline, but will 

tly iuuti\il ; and the acid or alkaline li- 

qnor which adheres to the outfide of the cryflals may 

be abforbed b) fpreading ihem on filtering pa- 

per. — Hence we are furnifhed with a better method 
l into large and well funned cryflals than 
merely b) diflblviag them in water ; namely, by ad- 
. to the folutious, when let to cryftallize, a certain 
quantity of acid or alkaline liquor, according to the 
nature of the falts thcinfclves. Thcfc additions, how- 
aver, arc not equally proper for all falts ; and it is not 
yetdctcrminedwli.it kinds of falts ought to be cry- 
ltalli/.cd in alkaline, and what in acid liquors. — So- 
luble tartar ami Scignette's fait cryltallize belt when 
the liquor is alkaline. Sal fedativus, fal Glaubcri, and 
fa] poly ch reft, require an acid if cryftallized in the 
cold ; but fal polychrefl forms into very line and large 
cryflals when the folution is alkaline, and kept as hot 
as the hand can eafily bear. 

The bed general direction that can be given with re- 
gard to the regular cryftalli/.ation of falts is, that they 
ought to be fet to cryftalli/.e in as large a quantity at 
once as poffible ; and this, as far as we have obferved, 
without any limit ; for by this means, the cryflals are 
formed much larger and better figured than they pof- 
fibly can be by any other method hitherto known. — 
As to the form of the veilels hi which (aits are to be 
cryftallized, little can be laid with certainty. They are 
generally Hat, and wider at topthanat the bottom. The 
only proper material, in the Large way, is lead. 

VI. Distillation. This is a kind of evaporation ; 
only in fuch a manner, that the part of the liquor eva- 
poratcd is not difiTpared in the air, but preferred by 
making the fleam pafs through a fpiral pipe, which 
goes through a large vcifel full of cold water, or into 
cold glafsreceivers. 

This is one of themoft common chemical operations ; 
anA as there area variety of fubjects which require to 
be diltilled, there is confequently a conlidcrable variety 
in the form of the diftilling veilels to be ufed on 
different oecafions, and likewife in the materials of 
which they are made, as well as the management of 
the fire during the time of the operation. 

The moft liniple and eafily performed diltillation 
. the common copper ftill, (fig. 3). It con- 
CXXXI\. j-^j £ two p art3 . one ca iicd the b'.dy, and the other 
the hi.i.1. The body is a cylindrical veiiel of cop- 
. which is lbmetimes tinned over in the infide ; 
but where diftillation is performed without any re- 
gard to the refiduum, the tinning is ufelefs. The up- 
per par: of rhe body terminates in a kind of arch, in 
the middle of which is a circular aperture, about one 
half, or fomething lefs, in diameter, of the breadth of 
thewhoh .—.Into this aperture, a roundhead, 

likewife o: copper, is fitted, (o as to be remove- 
e. In the top, orfometimes in the fide 
erted 1 pewter pipe, which commu- 
nicates with a c of the fame metal, that paflcs 

[, called the refrigeratory, 
h cold water; each of its ends projeding a 
little i below. The ftill is to be filled two- 

thirds full oi ;. - ince to be diftillcd, the head put 
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veil clofed with mixture ofChtt 
lintfeed meal and water, or common flour or chalk and Qp*nti— > 

water will anfwer the fame purpufe. This mixture v 
is called the . A fire being kindled un- 

der the ftill, the vapours will arife j and, being con* 
denfed by the cold water, through which the fpiral 
pipe called the wpi , will run in a llreain 

more or lefs flrong as the fire is more or Ids haftily 
urged, and is catched in a receiver fet underneath. 

This kind of diftilling veilels is proper for proem 
the ellential oils of vegetables, vinous fpirits from fer- 
mented liquor, and for the rectification of thefe after 
they are once diltilled. Even the acetous acid may 
be very conveniently diftillcd in a copper veiiel, pro- 
vided the worm and all the descending parts of the 
pipe which communicates with it be of pewter, other- 
wife a mifchievous impregnation of copper would be 
communicated to the diftillcd vinegar. The rcafon 
of this is, that copper is not diffolved by vinegar, or 
in very final! quantity, when that acid is boiled in it; 
but if the metal is expofed to the action of the acid, « 
when cold, or to its vapours, a conlidcrable dillblu- 
lution takes place. For this rcafon, too, the ftill mult be 
warned out after the operation while it continues hot, 
and mull be very carefully freed from the lcalt remains 
of acid, otherwife it will be much corroded. 

Coppir-ftills ought to be of as large a liz.e as pof- 
fible : but Dr Lewis very juftly obferves, that, in com- 
mon ones, the width of the worm is by no means pro- 
portionable to the capacity of the ftill : hence the va- 
pour which iffiies from a large furface being violently 
forced through a fmall tube, meets with fo much re- 
finance as fometimesto Wow off the ftill-head. This 
inconvenience is ridiculoully endeavoured to be pie- 
vented by ftrongly tying or otherwife forcing down 
the head ; by which means, if the worm fhould hap- 
pen to be choaked up, a terrible exploiion would 
enfue : for no ligatures, or any other obftacle what- 
ever, have yet been found flrong enough to refill the 
elaflic force of fleam , and the greater obftacle it has 
to overcome, the greater would the cxplofion be. — 
Dangers of this kind might be totally avoided by ha- 
ving the worm of a proper degree of widenefs. 575 

Sometimes, however, matters are to be diflilled, Mineral x- 
fuch as mineral acid fpirits, which would corrode any cids . how 
kind of metalline veilels; and for thefe only earths, or dlft,llcd - 
the clofefl kind of ftone-ware, can be tiled. Thele 
are more eafily condenfed than the fleams of aqueous 
or vinous liquors, and therefore do not require to be 
palled through a pipe of fuch a length as is tiled for 
condenfing the fleams from the commonftill. In thefe 
cafes, where a violent heat is not neceflary, and the 576 
diftillation is to be performed in glafs veilels, the re- Retort, 
tort is ufed (fig. 4.) When a fluid is to be put into 
this veffel, the retort muft be laid upon its back on 
land, or any other foft matter that will fupport it 
without breaking. A funnel muft alfo be procured 
with a long item, and a little crooked at the extremi- 
ty, that the liquor may pafs at once into the belly of 
the retort, without touching any part of its neck ; 
otherwife the quantity which adhered to the neck 
would pafs into the receiver when the retort was pla- 
ced in a proper fituation for diftilling, and foul the 
produce. \\ hen the velTel is properly filled, whi h 
ought never to be above two-thirds, it is to be f in 
a land-bath : that is, in an iron pot, of a proper tnick- 

nefs, 
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Chemical nefs, and covered over in the bottom, to the deph 
Operations, of one or two inches, with dry fand. When the re- 
' - ' tort is put in, fo as to fland on its bottom, the pot is to 
be filled up with fand, as far as the neck of the retort. 
A glafs receiver is then to be applied, which ought to be 
aslarge aspoilible, and likevvife pretty itrong; fbrwhich 
reafon it will be proper not to let the capacity of it be 
above what is necc lary to hold ten gallons. In the hin- 
der part of it fhould be drilled a fmall hole, which 
may be occasionally (hut by a fmall wooden peg. The 
mouth of the receiver ought to be fo wide as to let the 
nofe of the retort enter to the middle of it, or very near 
t© it ; for if the vapours are difcharged very near the 
luting, they will act upon it much more, ftrongly than 
when at a difhnce. It is likewife proper to have the 
neck of the retort as wide as may be ; for this has a 
very great effect, in the condenfation, by prefenting a 

577 larger furface to the condenling vapour. 

Luting for The luting for acid fptrits ought to be very diffe- 
acid fpitits. rent f rom that ufed in other diftillations ; for thefe will 
penetrate the common lutes fo as to make them liquid 
and fall down into the receiver. Some have ufed re- 
torts the necks of which were ground to the recei- 
vers with emery ; but thefe are very difficult to be 
procured, and are expenfive, and confequently have 
never come into a general ufe. Various kinds of 
lutes have been propofed, but the preference feems due 
to a mixture of clay and fand. We are not to under- 
Hand, however, that every kind of clay is fit for this 
purpofe : it muft only be fuch as is not at all, or very 
little, affected by acids ; and this quality is only poll'ef- 
ied by that kind of which tobacco-pipes is made. Trial 
ought to be made of this before the diftillation is be- 
gun, by pouring a little nitrous acid on the clay in- 
tended to be made ufe of. If a violent effervefcence 
is raifed, we may be fure that the clay is unfit for the 
purpofe. Finely powdered alabafter would anfwer 
extremely well, had it the ductility of clay. As this 
kind of lute remains foft for a conliderable time, it 
ought to be farther fecured by a bit of rag fpread with 
fome ftrong cement, fuch as quicklime mixed with 
the white of an egg, &c. Matters, however, ought 
to be managed in fuch a manner, that the luting may 
give way, rather than the vefTel burft; which would 
not only occalion a certain lofs of the materials, but 
might endanger the perfons who are Handing by. 

578 The iron pots commonly ufed for diftillations by the 
Balneum a- f* an d_bath^ or balneum arena, are commonly made very 
r "' a ' thick ; and are to be fold at large founderies, under 

the name of fand-pots. The fhape of thefe, however, 
is by no means eligible: for, as they are of a figure 
nearly cylindrical, if the retort is of fuch a fize as al- 
moft to fill their cavity, it cannot be put into them 
when full, and often pretty heavy, without great dan- 
ger of touching the lides of the pot ; and in this cafe, 
touching and breaking are fynonymous exprelfions. It 
is much better, therefore, to have them in the figure 
of a punch-bowl ; and the common caft-iron kettles, 
which may be had much cheaper than the fand-pots 
nfually fold, anfwer extremely well. If the diftilling 
vefTel is placed in a pot filled with water, the diftilla- 
tion is faid to be performed in a water-bath, or bal- 
r.eum marice. 

When the matter to be condenfed is very volatile, 
a number of open receivers with two necks, called a- 



dopters (fig. 7.) may be ufed, with aclofc receiver at the Chemical 
end. Each of thefe adopters muff be luted w ith as much Cpcraaen» 
care as when only a fingle receiver is made ufe of. Vef- .,_ 
felsof afimilarkind were formerly much ufed by chemifts Adopters 
rbr particular fublimations, under the name of aludels. of alu 

Formerly, iuftead of retorts, a vefTel called ^.cucurbit, 
(fig. 5, and 6.) with a head like the common flill, called 
an alembic, were ufed ; but the more fimple figure of 
the retort gives it greatly the preference. It is but 
feldom that vefTel s of this kind are ufeful, which will 
be taken notice of when defcribing the particular ope- 
rations ; and if at any time an alembic head mould be 
neceffary, its ufe may be fuperfeded by a crooked 
glafs tube, which will anfwer the purpofe equally well. 
Sometimes a very violent fire is required in diftil- 
lations by the retrot. Here, where it is poffible, glafs 
or earthen vefTels fhould be avoided, and iron pots fub- 
flituted in their Head. The hardeft and befl cafl iron, 
however, will at laH melt by a vehement heat; and 
therefore there is a necelfity for tiling earthen ware, 
or coated glafs. This laH is better than mofl kinds 
of earthen ware, as being lefs porous ; for when the 
vefTel is urged by a very intenfe heat, the glafs melts, 
and forms a kind of femivitrcous compound with the 
infide of the coating, fo that its figure is flill prefer- 
ved, and the accidental cracks in the luting are filled up. r g c 

For coating of vefTels, mixtures of colcothar of vi- Coaling of 
triol, fand, iron filings, blood, chopped hair, ire. have glafTes. 
been recommended. We cannot help thinking, how- 
ever, that the fimple mixture of tobacco-pipe clay and 
fand is preferable to any other; efpecially if, as Dr 
Black directs, that part next the glafs is mixed with 
charcoal daft. 

The proportions recommended by the Doctor for 
luting the joints of vefTels, are four parts of fand and 
one of clay ; but for lining the infides of furnaces, and 
we fhould think, likewife for coating glafs vefTels, he 
directs 6 or 7 of fand to 1 of clay , that the contrac- 
tion of the clay in drying may thereby be the more 
effectually prevented. Beiidcs this, he directs a mix- 
ture of three parts of charcoal-duft with one of clay 
to be put next the furnace itfelf, as being more apt to 
confine the heat; but poflibly the firft compofition 
might be fufficient for glafTes. 

The coating of large glafTes muft be a very trouble- 
fome and tedious operation ; and therefore coated 
glafs is never ufed but in experiments. When large 
diftillations are to be performed in the way of trade, 
recourfe muft be had either to iron pots, or to earthen 
ware. Of the moft proper kinds of earthen ware for 
refilling violents heat, we fhall take notice under the 
article Fufion, 

In all diftillations by the retort, a considerable quan 
tity of air,or other incondenlible vapour, is extrica- 
ted ; and to this it is abfolutely neceflary to give vent, 
or the vefTel would be burft, or the receiver thrown 
off. For this purpofe, Dr Lewis recommends an open 
pipe to be inferted at the luting, of fuch an height as 
will not allow any of the vapour to efcape ; but this 
we cannot approve of, as by that means a conftaut 
communication is formed between the external atmo- 
fphere and the matters contained in the retort and 
receiver, which is at all times to be avoided as much 
as pofhble, and in fome cafes, as the diftillation of phof- 
phorus, would be very dangerous. The having a 
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only the diltillation of a dry fubftance ; and therefore, 

tile matters, fuch as fait of hartihorn, are to 
he fublitned, the operation is performed in a glafs retort 
kt in i fa. id -bath; and the fait pafles over into the rc- 
eei\ er. The cucurbit and alembic were formerly much 
in ufe for this purpofc ; and a blind head, without any 
. was applied. A much limpler apparatus, however, 
is now made ufe of. A globe made of very thin glafs, 
or an oblong vcffel of the fame kind, anfwers the more 
common purpofes of fublimation. For experiments, 
Florence rlafks are excellent: as being both very 
cheap, and having the neceffary fliape and thinnefs re- 
quifuc for bearing the heat without cracking. The 
matter to be fubliincd muft not, on almoft any occafion, 
take up more than a third part of the fubliming 
veflel. It is to be fet in a faud-bath, that the heat may 
be more equally applied than it could otherwifc be. 
The heat mult be no greater, or very little, than is ne- 
ceflary for fublimation, or it will be in danger of flying 
out at the mouth of the fubliming veflel, or of choak- 
mg it up fo as to burft. The upper part of the vcli'oJ, 
too, mult by no means be kept cool, but llightly cove- 
red with find, that the matter may fettle in a kind of 
half melted ltatc, and thus forma compact hard cake, 
which is the appearance fublimatcs are expected to 
have. Hence' this operation requires a good deal of 
caution, and is not very eaiily performed. 

VIII.Deflagr at ion. This operation isalways per- 
formed by means of nitre, except in making the flow- 
ers of /.inc. It requires open velfcls of earth or iron ; 
the latter are very apt to be corroded, and the former 
to imbibe part of the matter. To perform this pro- 
cefs with fafety, and without lofs, the nitre ought to 
be mixed with whatever matter is to be deflagrated 
with it, and thrown, by little and little into the veflel 
previoufly made red-hot. If much is put in at once, 
a great deal will be thrown out by the violent commo- 
tion ; and to perform this operation in clofe veflels is 
in a manner impoffible, from the prodigious quantity 
of elaitic vapour generated by the nitre. Care muft al- 
fo be taken to remove the whole mixture to fome di- 
stance from the fire, and not to bring back any fpark 
from the quantity deflagrating, with the fpoon which 
puts it in ; o:hcrwife the whole would irremediably be 
con fumed at once. 

I \. Calcination. This is the fubjecting any mat- 
ter to a heat fo violent as to didipate fome part of it, 
without melting what remains. It is often praclifed 
on metallic fubftance ilarly lead, for obta 

the calx of that metal call ■', ° r red 

This operation, as indeed all other chemical ones, is 
beft performed in large quantities, where a particular 
furnace is conflrudrlS on purpofe, and a fire kept on 
day and night without interruption. The fla 
.v over the furface of die metal, and ; 
nually ftirred fo as to expofe i 
action of the heat. 
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»f very different ic degrees Fufion. 

of melting beat are very varii 

Befides the true fufion, there are fome kinds of (alts 
which retain fo large a proportion of water in their 
cryilals, as to become entirely fluid upon being expo- 
fed to a very fmall degree of heat. This is com* 
monly called the water) fufion ; but is really a Mutton 
of the fait in that quantity of water retained by it in 
its cryflalline form : lor fuch falls afterwards become 
folid by the evaporation of the water they contained: 
and then require a ftrong red heat to melt them tho- 
roughly, or perhaps are abfolutely infufible. 

Of all known fubftances, unctuous ami inflammable 
ones become fluid with the leaft heat : then come the 
more fufible metals, lead, tin, and antimony ; then 
fome of the more fufible falts ; and then the harder me- 
tals, filver, gold, copper, and iron ; then the mix- 
tures for making glals ; and laft of all, the metal call- 
ed platina, which has hitherto been incapable of fufion, 
except by the violent action of the fun-beams in the fo- 
cus of a large burning glafs. Thi* fubftance feems to 
be the molt refractory of all others, even the hardeft 
flints melting into glafs long before it. (Sec Platina.) 

Fufion of fmall quantities of matter is ufually per- 
formed in pots called crucibles ; which, as they are re- 
quired to fland a very violent heat, mult be made of 
the molt refractory materials polfiblc. 585 

The making of crucibles belongs properly to the Crucibles, 
potter: but as a ch ejnijl ought to be the judge of their proper ma- 
compolition, we (hall here give fome account of the tena " for * 
different attempts to make thefe veflels of the necef- 
fary ftrength. 

All earthen veflels are compofed, at leaft partly, of 
that kind which is called the argillaceous earth or clay y 
becaufe thefe only have the neceffary ductility, and can 
be formed into veflels of the proper form. Pure clay 
is, by itfelf, abfolutely unfufible ; but is exceedingly 
apt to crack when cxpofed to hidden changes of heat 
and cold. It is alfo very apt to melt when mixed 
with other fubftances, fuch as calcareous earths, &c. 
When mixed in a certain proportion with other 
materials, they are changed with violent heat into 
a kind of half-melted fnbftance,' fuch as our ftone- 
bottles. They cannot be melted completely, however, 
by almoft any fire ; they are alfo very compact, and 
will contain the molt fufible fubftances, even glafs of 
lead itfelf; but as they are very apt to crack from hid- 
den changes of heat and cold, they are not fo much 
ufed ; yet, on particular occafions, they are the only 
ones which can be made ufe of. 

The more denfe any kind of veflels arc, the more apt 
they are, in general, to break by a hidden application 
of heat or cold: hence crucibles are not, in general, 
made of the greateft denfity poffiblc : which is not at 
all times required. Thofe made at Hefle, in Germany, 
have had the belt reputation for a long time. 
Pott, member of the Academy of Sciences at Berlin, 
hath determined the ion of thefe crucibh 

be, one part of good refractory clay, mixed With two 
of (and, of a middling fincnefs, from which the 
fineft part has been fifted. By fifting the finer par- 
'ronithe laud, too great compactnefs is 
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mical but at the fame time this mixture renders them apt to 
Operations, be corroded by vitrifying matters kept a long time in 
* * ' fufion ; for thefe do not fail to act upon the land con- 
tained in the compofition of the crucible, and, forming 
a vitreous mafs, at laft ran through it. 

This inconvenience is prevented, by mixing, inftead 
of fand, a good baked clay in grofs powder. Of a 
compofition of this kind are made the glafs-houfe pots, 
which fometimes fuftain the violent heat employed in 
making glafs for feveral months. They are, however, 
gradually confumed by the glafs, and become con- 
itantly more and more thin. 

As the containing veffcl, however, mufl always be ex- 
pofed to a more violent heat than what is contained in it, 
crucibles ought to be formed of fuch materials as are 
not vitrifiable by the heat of any furnace whatever. But 
from the attempts made to melt platina, it appears, that 
of all known fubflances it would be the molt defirable for 
a melting veifel, Heffiau crucibles, glafs-houfe pots, 
Sturbridge clay, in fhort every fubftance which could be 
thought of to rdift the raoft violent heat, were melted in 
fuch a manner as even to flop up the pipes of large bel- 
lows, while platina was not altered in the leait ; and 
Meffrs Macquer and Beaume have fliowu, that though 
platina cannot be melted fo as to calt veflels of it, it 
may neverthelefs be cupelled with lead fo as to become 
Malleable, and thus veflels might otherwife be made 
from that fubftance. The extreme fcarcity of this mi- 
method of neral, however, leaves as yet little room to hope for 
Kiakl "S any thing from it, though Mr Achard has found a me- 
c j UC . 1 es ° thod of forming crucibles from this refractory fubftance. 
It confifts in moulding the precipitate made with fal 
ammoniac into the form of a crucible, and then apply. 
ing a hidden and very violent heat, which fufes this calx. 
Mr Pott has made fo many experiments upon clays 
mixed with different fubflances, that he has in a manner 
exhaufted the fubject. The bafis of all his compofitions 
was clay. This he mixed in different proportions with 
metallic calces, calcined bones, calcareous earths, talcs, 
amianthus, afbeftus, pumice-flones, tripoli, and many 
others ; but he did not obtain a perfect compofition 
from any of them. The beft crucibles, according to 
Scheffer, cannot eafily contain metals diffolved by ful- 
phur, in the operation of parting by means of fulphur. 
They may be made much more durable and folid, 
by fteeping them a few days in linfeed-oil, and ftrew- 
gg ing powdered borax upon them before they are dried. 
Mr Pott's The refult of Mr Pott's experiments are : 1. Cru- 
diredtions. cibles made of fat clays are more apt to crack when ex- 
pofed to hidden heat, than thofe which are made of 
lean or meagre clays. Meagre clays are thofe which 
contain a confiderable quantity of fand along with the 
pure argillaceous earth : and fat clays are thofe which 
contain but little. 2. Some crucibles become porous 
by long expofure to the fire, and imbibe part of the 
contained metals. This may be prevented, by glazing 
the internal and external furfaces ; which is done by 
moiftening thefe with oil of tartar, or by ftrevving up- 
on them, when wetted with water, powdered glafs of 
borax. Thefe glazings are not capable of containing 
glafs of lead. 3. Crucibles made of burnt clay grofs- 
ly powdered, together with unburn t clay, were much 
lefs liable to crack by heat than crucibles made of the 
fame materials where the burnt clay was finely pow- 
dered, or than crucibles made entirely of unburnt clay. 



4. If the quantity of unburnt clay be too great, the Chemical 
crucible will be apt to crack in the fire. Crucibles Operations 
made of 10 ounces of unburnt clay, 10 ounces of grofs- 
ly powdered burnt clay, and three drachms of cal- 
cined vitriol, are capable of retaining melted metals, 
but are pervaded by glafs of lead. The following 
compofition is better than the preceding : Seven oun- 
ces of unburnt clay, 14 ounces ofgrofsly powdered 
burnt clay, and one drachm of calx of vitriol. Thefe 
crucibles may be rendered more capable of containing 
glafs of lead, by lining their internal furfaces, before 
they are baked, with unburnt clay diluted with water. 
They may be further ftrengthened by making them 
thicker than is ufually done ; or by covering their ex- 
ternal furfaces with fome unburnt clay, which is called .g g 
arming them. 5. The compofition of crucibles molt Materials 
capable of containing the glafs of lead, was 18 parts moft capa- 
of grofsly powdered burnt clay, as much unburnt clay, hie ofrcfift- 
and one part of fufible fpar. Thefe crucibles mufl in S £ lafs oi 
not, however, be expofed too fuddenly to a violent 
heat. 6. Crucibles capable of containing glafs of 
lead very well, were made of 24 parts of unburnt clay, 
four parts of burnt clay, and one part of chalk. Thefe 
require to be armed. 7. Plume alum powdered, and 
mixed with whites 'of eggs and water, being applied 
to the internal furface of a Hefhan crucible, enabled it 
to retain for a long time glafs of lead in fufion. 
8. One part of clay, and two parts of Spaniih chalk, 
made very good crucibles. The fubftance called Spa 
nifh chalk is not a calcareous earth, but appears to be a 
kind of fteatites. 9. Two parts of Spaniih chalk, and 
one part of powdered tobacco-pipes, made good lining 
for common crucibles. 10. Eight parts of Spaniih 
chalk, as much burnt clay, and one part of litharge, 
made folid crucibles. 11. Crucibles made of black lead 
are fitter than Hefhan crucibles for melting metals ; but 
they are fo porous, that fufed falts pafs entirely thro' 
them. They are more tenacious than Hefhan cruci- 
bles, are not fo apt to burfl in pieces, and are more 
durable. 12. Crucibles placed with their bottoms up- 
wards, are lefs apt to be cracked during the baking, 
than when placed differently. 13. The pafte of 
which crucibles are made, ought not to be too moift ; 
elfe, when dried and baked, they will not be fufHci- 
ently compact : hence they ought not to be fo moift as 
to be capable of being turned on a potter's lathe ; but 
they muft be formed in brafs or wooden moulds. - 90 

On this fubject Dr Lewis hath alfo made feveral Di- Lewis^ 
obfervations ; the principal of which are, I. Pure clay obferva- 
foftened to a due confiftence for being worked, not tions. 
only coheres together, but flicks to the hands. In 
drying, it contracts 1 inch or more in 12; and hence 
it is very apt to crack, unlefs it is dried exceeding flow- 
ly. In burning, it is fubject to the fame inconve- 
nience, unlefs very (lowly and gradually heated. When 
thoroughly burnt, if it has efcaped thofe imperfections, 
it proves folid and compact ; and fo hard as to ftrike 
fire with fteel. Veflels made of it are not penetrated 
by any kind of liquid ; and refill falts and glades 
brought into the thinneft fufion, excepting thofe which 
by degrees corrode and dhTolve the earth itfelf, as 
glafs of lead ; and even this penetrating glafs is refill- 
ed by it better than by almofl any other earth ; but, in 
counterbalance to thefe good qualities, they cannot be 
heated or cooled, but with fuch precautions as can 
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with in the way rfbufmcfa, with- 

i:ig in pic 

: CI . thai has been once cxpofed to any confider- 
fhcat, and then powdered, has no longer 
any: tvided by a doe propor- 

iwder, proves lefs tenacious than by it- 
Irll ; not (ticking to the hands, though cohering fuf- 
her. It (hrinks lefs in drying, is Ids 
apt ; . d lefs fulceptible of injury from alte- 

rs of hc.it and cold ; but at the fame time is lefs 
and compact. Conliderable differences are ob- 
ferved in thefe refpe&S ; not only according to the 
quantity of dividing matter, but according as it is in 
finer or coarfcr pou der. 

3. Vcllels made with a moderate proportion of fine 
powder, as half the weight of the clay, are compact 
and folid, but ll'ill very apt to crack, from fudden 
heat or cold : thofe with a larger proportion, as twice 
or thrice the quantity of the clay, are free from that 
imperfection, but fo friable as to crumble between the 
fingers. Nor docs there appear to be any medium be- 
tween a difpolition to crack and to crumble ; all the 
compounds made of clay and fine powders having the 
one or the other, or both imperfections. Coarfcr 
powders of the lize of middling fand, form, with an 

I weight of clay, compounds fufficiently folid, and 
much lefs apt to crack than the mixtures with line 
powders. Two parts of coarfe powder, and one of 
clay, prove moderately folid, and but little difpofed to 
crack : a mixture of three parts and one, tho' heated 
and cooled fuddenly, does not crack at all, but fuffers 
very fluid fubftances to tranfude through it ; folidiiy, 
and refinance to quick vicillitudes of heat and cold, 
.iiing here alio to be incompatible. 

4. Pure clay, mixed with pure clay that has been 
burnt, is no oilier than one limple earth ; and is nei- 
ther to be melted nor foftened, nor made in any de- 
cree tranlparcnt with the moft intenfe fires. 

5. Mixtures of clay with gypfcous earths burn whi- 
ter than clay alone ; in certain proportions, as two parts 
of clay to three of gypfum, they become, in a moderate 

fe mi-tranfparcut, and in a ftrong one they melt. 

6. Calcareous earths in fmall proportion bake to- 
lerably compact and white ; and added to other corn- 
els, feem to improve their compactnefs. If the 

quantity of the calcareous earth nearly equals that of 
the clay, the mixture melts into a yellow glafs ; if it 
conlidera'nly exceeds, the product acquires the quali- 
ties of quick! 

7. Vcflels made from clay and fand, in whatever 
proportion, do not melt in the ftrongeft fire ; but they 
fometimes bend or foften, fo as to yield to the ton^s. 

thin faGon penetrate them by dillblving ihc 

ieous or calcareous earths e urged in 

fuch crucibles with a vehement heat, the vellels and 

their contents run all into one mafs. In moderate 

tires, the prove tolerably compact, and retain 

moft kinds of falts in fufion : but they are liable to 

crack, cfpecially when large ; and do not long fuftain 

ed metals, being bnrit by their weight. Such are 

' an crucibles. 

8. Mixtures nd Mack-lead, which feems a 
fpecics of talc, are not liable to crack from alterna- 

of heat and cold ; but are extremely porous. 
c black-lead crucibles anfwer excellently for the 
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melting of metals, and Hand repeated fufions : whilfl 
falts tlowing thin, tranfude through them almoft as 
water through a fievc : fulphureou.s bodies, as antimo- 
ny, corrode them. 

9. Pure clay, foftened w ith water, and incruitau d 
on earthen vellels, that have been burnt, does, not ad- 
here to them, or fcalcs oft again upon expoliire to 
the tire ; applied tounburnt vellels, it adheres and in- 
corporates. IJhidcd clay unites with them in both dates. 
Vitreous matters, melted in veilels of cure clay, adhere 
fo firmly as not to be feparated ; from vellels of di- 
vided clay they may be knocked off by a hammer. 

10. The (aline fluxes which promote the fufion of 
clay, belides the common ones of all earths, alkali and 
borax, are chierly arfenic fixed by nitre, and the fuliblc 
(alt of urine ; both which have little effect on the other 
earths though mixed in a lager proportion. Nitre, 
which readily brings the cryltalline earths into fufion, 
and fal mirabile and fandivcr, powerful fluxes for the 
calcareous earths, do not perfectly vitrify with clay. 
Burnt clay docs not differ in thefe refpects from fuch 
as has not been burnt ; nor in that lingular property 
of vitrifying with gypfeous or calcareous earths, with- 
out any (aline or metallic addition ; t lie utmoft vehe- 
mence of fire feeming to deftroy only its ductility, or 
that power by which it coheres when its parts arc 
inoiftciied with water. 

But though it leems impoffible to make perfect 
vefTels from mixtures of clay in its two different ftates, 
of burnt and unburnt, more is to be hoped from the 
mixtures which are employed in making porcelain. Ma- 
nufactories of this kind of ware have been attempted 
in different countries, (fee Porcelain) ; andinfome 
places the qualities rcquiiite for chemical veffels have 
been given to it in a very furpriling degree. The count 
de Lauraguais, a French nobleman, and member of rlic 
academy of fciences, has diftinguiflicd himfelf in a 
very eminent manner by attempts of this kind. The 
tranllatorof the chemical dictionary allures us, that he 
had it from a gentleman of undoubted veracity, that this 
nobleman having heated a pieceof his porcelain red hoi, 
threw it into cold water, without breaking or cracking it. 

The molt ufeful attempt, however, for the purpofes 
of chemiftry, feems to be the difcovery by Mr Reau- 
mur of converting common green glafs into porce- 
lain. This was publifhcd as long ago as the year 
1 739 ; yet we have fcarce heard of any chemift, no not 
Dr Lewis himfelf who has made trial of chemical 
vcflels formed of this fort of porcelain, although the 
very ufe to which Mr Reaumur thought the prepara- 
tion could be applicable was that of bringing chemical 
vcflels to a degree of perfection which could not other- 
w ife be done. The following is the refult of Mr Reau- 
mur's experiments. 

Green glafs, furronnded with white earthy matters, 
as white fand, gypfum, or plaitcr of Paris, &c. and 
expofed to a conliderable heat not ftrong enough to 
alter its figure, as that of a potter's furnace, acquires 
different (hades of blue, and by degrees begins to 
grow white. On breaking the glafs, the white coat 
appears ro be compofed of fine, white, glofly, fatin- 
like fibres, running tranfverfely, and parallel to one ano- 
ther ; the glafs in the middle being fcarcely altered. 
On "outinuiug the cementation, the change proceeds 
farthci and further, till at length the white fibrous 
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Chemical parts from both Titles meet in the middle, and no ap- 
Opcritions pearance of glals remains. By this means, entire vtf- 
* icls of glafs may be changed into procelain. 

The Jubilance into which glafs is thus converted, is 
opaque, compact, internally of great whitenefs, equal 
to tha*t of the fineft china-ware ; but, externally, of a 
much duller hue. It is confiderably harder than glafs, 
much lefs fufible in the fire, and fuftains alterations of 
heat and cold without injury. Veffels of it, cold, bear 
boiling liquors ; and may be placed on the fire at once, 
without danger of their cracking. " I have put a vef- 
fel of this porcelain (fays the author) into a forge, 
furrounded it with coals, and kept vehemently blowing 
for near a quarter of an hour ; I have melted glafs in 
this veifel, without its having fuffered any injury in 
ks figure." If means could be found of giving the out- 
fide a whitenefs, equal to the internal part, glafs veflels 
might thus be converted into a valuable kind of porcelain 
fuperior to all that have hitherto been made. Chemi- 
ftry, fays he, may receive from this difcovery, in 
us prefentftate, fuch veffels as have been long wanted ; 
veflels which, with the compactnefs and impenetra- 
bility of glafs, are alfo free from its inconveniences. 

The common green glafs bottles yield a procelain of 
tolerable beauty ; wiudow-glaffcs, and drinking-glaff- 
es, a much inferior one ; while the finer kinds of cry - 
ftalline glaffes afforded none at alk With regard to the 
cementing materials, he found white fandand gypfum, 
or rather a mixture of both, toanfwer beft. Coloured 
earths generally make the external furface of a deep- 
er or lighter brown colour ; foot and charcoal^ of a 
deep black, the internal part being always white. 

The account of this kind of porcelain given by Mr 
Reaumur, induced Dr Lewis, who had alfo obferved 
the fame changes on the bottom of glafs-retorts ex- 
pofed to violent heat in a fand-bath, to make further 
experiments on this matter ; an account of which he 
has publimed in his Philofophical Commerce of strts. 
The refults of his experiments were, 1. Green glafs, 
cemented with white fand, received no change in a 
heat below ignition. 2. In alow red heat, the change 
proceeded exceeding (lowly; and in a ftrongred heat, 
approaching to white, the thickefl pieces of glafs 
bottles were thoroughly converted in the fpace of 
three hours. 3. By continued heat, the glafs fuffered 
the following progreffive changes : firft, its furface 
became blue, its tranfparency was dhninifhed, and a 
yellowifh hue was obfervable when it was held between 
the eye and the light. Afterwards it was changed a 
little way on both fides into a white fubftance, exter- 
nally flill bluifh ; and, as this change advanced ftill 
further and further within the glafs, the colour of the 
vitreous part in the middle approached nearer to yel- 
low : the white coat was of a fine fibrous texture, and 
the fibres were difpofed nearly parallel to one another, 
and trail fverfe to the thicknefs of the piece : by de- 
grees the glafs became white and fibrous throughout, 
the external bluilhnefj* at the fame time going off, and 
being fucceeded by a dull whitifh or dun colour. By 
a flill longer continuance in the fire, the fibres were 
changed gradually from the external to the internal 
part, and converted into grains ; and the texture was 
then not unlike that of common porcelain. The grains, 
at firft fine and fomewhat gloffy, became by degrees, 
larger and duller ; and at laft the fubftance of the glals 
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became porous and friable, liftfc a Ciafs of whit* fand 
ilightly cohering. 4. Concerning the qualities of this 
kind of porcelain, Dr Lewis oblerves, that, while it 
remained in the fibrous flate, it was harder than com- 
mon glafs, and more able to refill the changes ol heat 
and cold than glafs, or even porcelain ; but, in a mo- 
derate white heat, was fufible into a fubftance not fif- 
brous, but vitreous and fmooth, like white enamel^ 
that when its texture had become toarfely granulated, 
it was now much fofter and unfuiible : and laflly, that 
when fome coarfely granulated unfuiible pieces, which, 
with the continuance of a moderate lieu, would have 
become porous and friable, were fuddenly expofed to 
an intenfe fire, they were rendered remarkably more 
compact than before ; the folidity of fome of them 
being fuperior to that of any other ware. 

It feems furprifing that this able chemift, who on 
other occafions had the improvements of" the arts fo 
much at heart, did not put fome veffels of this kind 
of porcelain to other fevere trials, belides attempting 
to frife it by itfclf with a violent fire : for though 
pieces of it were abfolutely unfuiible, we are not lure 
but they might have been corroded by alkaline falts, 
acids, calcareous earths, or glafs of lead ; nay, itfhould 
feem very probable that the)'- would have been fo : in 
which cafe they would not be much fuperior to the 
veflels made from earthy materials. When a firfl- 
rate chemift publifhes any thing in an imperfect fhue, 
inferior ones are difcouraged from attempting to finifli 
what he has begun ; and thus, notwithf landing that thefe 
experiments have been fo long publimed, nobody has 
yet attempted to invefligate the properties of this 
kind of porcelain, by getting chemical veffels made of it, 
and trying how they anfwer for crucibles, or retorts; 

All that has been faid concerning the proper mate- 
rials for crucibles, mufl likewife be applicable to the 
materials for retorts, which are required to fland a 
very violent heat. Mr Reaumur's porcelain bids faireft 
for anfwering the purpofeof retorts as well as crucible:;. 
The great disadvantage of the common, earthen ones, is, 
that they fuffera quantity of volatile and penetrating va- 
pours to pafs through them. This is very obfervable 
in the diflillation of phofphorus ; and though this fub- 
ftance has not hitherto been ufed for any purpofe in 
medicine, and very little in the arts, its acid only be- 
ing fometimes ufed as a flux, if veflels could be made 
capable of confining all the fleams and at the fame time 
bearing the heat necelfary for its diflillation, phofpho- 
rus, perhaps, might be obtained in fuch quantity, as 
to fliow that it is a preparation not altogether ufelefs. 

With regard toftone-ware veffels, and all thofe into 
which the compofition of fand or flint enters, we fhall 
only further obferve, that they will be corroded by fixed 
alkaline falts, efpecially of the cauflic kind, in a very 
moderate heat. Dr Black, having evaporated fome cau- 
flic ley in a flone-ware bafon, and then melted the dry 
fait in the fame veffel, found it fo corroded, as after- 
wards to be full of fmall holes ; and he found nothing 
to refift the action of this fait fo well as filver. On 
the fubject of chemical veffels, we have now, however, 
to add the improved earthen ware of Mr Wedgewood ; 
in which the properties of compactnefs, infufibility and 
the power of refilling hidden changes of heat and 
cold, are faid to be united, fo that it promifes to be a 
very valuable addition to the chemical apparatus. 
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acting upon one another. 

is ulbally performed in the glades already 

' . called maira[fcs or bolt-heads ; and is done in 

a fand-heat. When any of the Jubilances are veryjvola- 

. as fpirit of wine ; or when the matter requires to 

be heated lb considerably that a quantity of vapour will 

he railed, the necks of the bolt-heads ought to be pretty 

, or a tin pipe may be inferted, of Sufficient 

length to prevent the cfcape of any part of the fleam. 

12. Levigation. This is the reducing any body 
to a very line powder, which (hall feel quite foft be- 
tween the fingers or when put into the mouth. It 
is performed by grinding the fubftance upon a flat 
marble flonc, with fome water, or by rubbing it in a 
marble mortar. In the large way, levigation is per- 
formed by mills drawn by horfes, or driven by water; 
fome of them are lb fmall as to be turned by the hand. 
They conlill of two fmooth ftones, generally of black 
'le, or fome other Stone equally hard, having fe- 
veral grooves in each, but made to run in contrary di- 
rections to one another when the mill is fct in mo- 
tion. The matter being mixed with water, is put in 
by a funnel, which is fixed into a hole in the upper 
Hone, and turns along with it. The under milllone 
has round it a wooden ledge, whereby the levigating 
matter is confined for fome time, and at length dif- 
charged, by an opening made for that purpofe, when 
it has accumulated in a certain quantity. 

In this operation, when the matters to be levigated 
are very hard, they wear off a part of the mortar, or 
Hones on which they are levigated ; lb that a fubftance 
perfectly hard, and which could not be worn by any 
attrition, is as great a dclideratum for the purpofes of 
levigation, as one which could not be melted is for 
thofe of fufion. Dr Lewis propofes the porcelain of Mr 
Reaumur as an improvement for levigating planes, 
mortars, &c. becaufe, while in its fibrous Hate, it is 
confiderably harder than glafs, and confequentlymuch 
lei's liable to abralion by the harder powders. 

In many cafes levigation is very much accelerated 

by what is called elutriation. This is the method by 

which many of the painters colours are prepared of 

the requifite finenefs ; and is performed by mixing any 

fubftance not totally reduced to the nccetl'ary degree 

ot finenefs, with a fufficient quantity ot water, and 

Stirring them well together. The finer parts of the 

powder remain fome time fufpended in the water, 

while the gruffer particles fall to the bottom. The 

■ation is then eafily made, by pouring off the wa- 

ter impregnated with thefe fine parts, and commit- 

thc refl to the levigating mill, when it may a- 

jrain be warned ; and this may be repeated till all the 

powder is reduced to the utmoft finenefs. Subftances 

lc v\ water cannot be levigated in this manner. 

Of Chemical Furnaces. 

The two general divifions we have already men- 

i of thofe who practice chemiftry, namely, thofe 

have no other view than mere experiment, and 

thofe who wifll to profit by it, render very different 

-, For the Jirft, thofe fur- 
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which r.re capable of ailing upon Chemical 
.'.1 quantity of matter, yet luflic l ih< [ I;ril; i cc '- i 

changes which tire can produce f: . digeftion 

to the molt perfect vitrification. For the oihcrs, thofe 
are to bechofen which can produce the fame changes 
upon very large quantities of matter, that as much 
may be done at once as polfiblc. ^ co 

To avoid the trouble and expence of a number of portable 
furnaces, a portable one hath long been a dclideratum furnace, 
among thofe chemilts who are fond of making expert* 
riments. One of the beft of thofe, if not the very belt, 
that hath yet appeared, is that defcribed in Shaw's edi- 
tion of Boerhaavc's chemistry, and represented fig. i. pi atc 

This furnace is made of earth ; and, as the work- CXXXIV. 
manlhip of a furnace requires none of the ncatnefs or 
elegance which is required in making potters veflels, 
any perfon may eafily make a furnace of this kind for 
himfelf, who has time and patience for fo doing. With 
regard to the molt proper materials, all that we have 
laid concerning crucibles and retorts muSt be appli- 
cable to the materials for conStr tiding a furnace ; only 
here we need not care fo much for the porofity, or 
difpolition to crumble, as when crucibles or other dif- 
tilling veflels are to be made. 

Plate iron is commonly directed for the outfide of 
portable furnaces; but we cannot help thinking this 
is a very needlefs expence, feeing the coating which 
it neccflarily requires on the infide may be fuppofed 
to harden to fuch a degree as foon to fupport itfclf, 
without any afliftance from the plate-iron. This will 
be the lefs neceflary, if we confidcr, that, for the 
thicknefs of the walls of any furnace where a conside- 
rable heat is wanted, two or three inches are by no 
means fuificient. When the infide of a furnace is 
heated, the walls, if very thin, arc foon penetrated 
by the heat, and great part of it by this means difli- 
pated in the air. If they are of a Sufficient thicknefs, 
the heat cannot penetrate fo eafily ; and thus the inner 
part of the furnace preferves the heat of the fuel, and 
communicates it to the contained veflel. In the con- 
struction of a portable furnace, therefore, it will be 
convenient to have all parts of it fix inches thick at 
leaft. This will alfo give it a fufficicnt degree of 
Strength ; and, as it is formed of feveral different 
peices, no inconvenience can follow from the weight 
of each of them taken feparately. 

In Boerhaa^e's chemiftry, this furnace is represent- 
ed as narrower at the bottom than at the top ; but we 
cannot fuppofe any good reafon for fuch a form, fee- 
ing a cylindrical one muSt anfvver every purpofe much 
better, as allowing a larger quantity of air to paf- through 
the fuel, and likewife not being fo apt to be overturned 
as it neccflarily mult be where the upper part is confi- 
derably heavier than the lower. We have, therefore, 
given a reprefentation of it as of a cylindrical form. 

The furnace confiSts of five or more parts. C, re- 
prcfents the dome, or top of the furnace, with a fhort 
earthen funnel E for tranfmitting the fmoke. B, B, B, 
are moveable cylinders of earth, each provided with 
a door D, D, D. In Boerhaavc's chemistry thefe doors 
are reprefented as having iron hinges and latchets ; 
but they may be formed to more advantage of fquarc 
pieces of earth, having two holes in the middle, br 
which they may be occalionally taken out, by intro- 
ducing an iron fork. In like manner, the domes and 

cylinders,. 
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Chemical cylinders, in Boerhaave's chemiftry, are reprefented 

Furnaces, with iron handles ; but they may bealmoftas eaiily taken 

1 * off by the cheaper contrivance of having four holes in 

each, two directly oppofite to one another, into which 

two lhort forks may be introduced when the parts are 

to be feparated. 

In the lowermofl cylinder is to be placed an iron- 
grate, a little below the door, for Supporting the 
fire. In the under part is a fmall hole, big enough 
for introducing the pipe of a pair of good perpe- 
tual bellows when the fire is to be violently excited. 
Dr Lewis prefers the organ-bellows to any other kind. 
When the bellows is ufed, the whole mufl fland 
upon a clofe cylinder A, that the air may be confined, 
and made to pafs through the fuel. By having more 
bellows, the fire may be excited to a mod intenfe 
degree. In this cafe, the pipe of every one of them 
mult enter the cylinder B. 

Each of the cylinders mould have, in its upper part 
a round hole, oppofite to its door, for carrying off 
the fmoke, by means of a pipe inferted into it, when 
the furnace is ufed for diftillations by the fand-bath. 
Each cylinder ought likewife to have a femicircular 
cut in the oppofite fides, both above and below, that 
when the under cut of the upper cylinder is brought 
directly above the upper cut of the lower one, a per- 
fect: circle may be formed. Thefe are for giving a 
paflage to the necks of retorts, when diflillation by 
the retort is to be performed. The holes may be 
occalionally filled with floppies made of the fame ma- 
terials with the body of the furnace. 

The moft convenient fituation for a furnace of this 
kind would be under a chimney, the vent of which 
might be eafily flopped up by a broad plate of iron, 
in which a hole ought to be cut for the reception of 
the earthen tube of the dome. By this means the 
ufe of along tube, which at any rate muft be very 
troublefome, might be eafily avoided, and a very 
ftrong blaft of air would pafs through the fuel. If it 
is found convenient to place the furnace at fome di- 
ftance from the chimney, a plate-iron pipe muft be 
procured to fit the earthen pipe of the dome, and 
carry the fmoke into the chimney. This pipe will 
alfo be of ufe, when the furnace is ufed for diftilla- 
tions by the fand-bath ; it muft then be inferted into 
the hole oppofite to the door of any of the cylinders, 
and will convey away the fmoke, while the mouth of 
6oI the cylinder is totally covered with a fand-pot. 
D r Lewis's F° r portable furnaces, Dr Lewis greatly recom- 
portable mends the large black crucibles, marked n° 60, on 
fcrnaccs. account of their refitting a violent heat, and being 
very eafily cut by a knife or law, fo that doors, &c. 
may be formed in them at pleafure. The bottom 
of one of thefe large ones being cut out, a grate is to 
be put into the narrow part of it. For grates, the 
doctor recommends caft iron-rings, having each three 
knobs around them. Thefe knobs go into correfpond- 
ing cavities of the outer rings, and the knobs of the 
outermoft reft on the crucible, which is to be indented 
a little to receive them, that fo the grate may reft 
the more firmly, and the furnace not be endangered 
from the fwelling of the iron by heat. When this 
is to be made ufe of as a melting-furnace, and a vio- 
lent heat to be excited, another crucible muft be in- 
verted on that which contains the fuel, which ferves 
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inftead of the dome of the laft mentioned furnace : and Chemical 
as whatever is faid of it muft likewife be applicable furnaces. 
to the two crucibles when placed above one another, 
we need give no farther defcription of the doctor's 
portable furnace. 

No doubt, the great experience of Dr Lewis, in objedticm 
chemical matters muft give very confiderable weight to their wfe 
to any thing he advances ; and the warmth with which m fomc 
he recommends the furnaces muft convince us, that caieb ' 
he has found them abundantly anfwer the purpofes of 
experiments. We cannot help thinking, however, 
that where a very great and lafting heat is to be given, 
the thicknefs, and even tht form, of thefe crucibles, is 
fome objection to their ufe. It is certain that fuch a 
permanent, or, as the workmen call it, a folid heat, 
can never be given where the walls of a furnace arc 
thin, as when they are of fufficient thicknefs. They 
are alfo very apt to burft with great heat ; and, for 
this reafon, Dr Lewis defires his furnace to be 
ftrengthened with copper hoops. This difpofition t» 
burft proceeds from the inner parts which are more 
intenfely heated than the outer, expanding more than 
thefe do, and confequently burfting them. Hence 
the doctor delires his furnace to be ftrengthened alfo 
by putting it within another crucible of a larger fize, 
and the intermediate fpace to be filled np with a mix- 
ture of lifted afhes and water. For moft chemical 
procefTes, where only a fmall degree of heat is requi- 
lite, thefe furnaces anfwer beyond any thing that has 
hitherto been attempted. The whole is to be fup- 
ported by an iron ring with three feet 2d 602 

Dr Black has contrived a furnace in which all thefe Dr Mack 1 
inconveniences are avoided. Two thick iron plates, ^ ur " a " dc * 
above and below, are joined by a thinner plate, forming Ji™* 
the body of the furnace, which is of an oval form. ^xXXIIl 
The upper part is perforated with two holes ; the one £„-. 5, 8, 9. 
A, pretty large, which is the mouth of the furnace, 
and which is of a circular form: the other behind it, B, 
of an oval form, and defigned for fattening the end of 
the vent which is fcreWed down upon it. Theunder- 
moft thick plate has only the large circular opening 
G near to the middle, but not altogether fo, being 
nearer to one fide of the ellipfe than the other, where 
the round hole in the top is placed; fo that a line paf- 
fing this circular hole has a little obliquity forwards. 
The afh-pit C E is likewife made of a nelliptical form, 
and a very fmall matter widened ; fo that the bottom 
of the furnace is received within the ellipfe. A little 
below, there is a border D that receives the bottom of 
the furnace; and except the holes of the damping-plate 
E, the parts are all clofed by means of foft lute, 
upon which the body of the furnace is prefled down ; 
by which meaxs the joining of the two parts, and of 
all the different pieces, are made quite tight ; for the 
body, fire place, alh-pit, vent, and grate, are all fepa- 
rable from one another. As the furnace comes from 
the workman, the grate is made to apply to the out- 
fide of the lower part. It confifts of a ring laid on its 
edge, and then bars likewife laid on their edges' ; and 
from the outer ring proceed four pieces of iron, by 
means of which it maybe fcrewed down ; fo it is kept 
out of the cavity of the furnace, and preferved from 
the extremity of the heat. Thus it lafts much longer, 
and indeed hardly liable to any decay ; for by be- 
ing expofed to the cool air, it is kept fo cool, that Lfc 
L 2 is 
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.• of the fuel. rh( 

h arc made of plal C lated within, 

" heat, and prefervc them from its i . 

> operations of' chemi- 
ay oblcr . :• a melting furnace it is 

nient , we need only provide a cover for the 
. which is made the door; and which 
the grate, is convenient 
; to be aded upon, and 

►ok into the vell'cl and take it out. 
a piece of tile, or two bricks ren- 
dered flat ami fquare. Dr Black commonly ufes a 
kind of lid with a rim containing a quantity of lute ; 
and to augment the heat, we may increafe the height 
of the vent. It can be employed in moft operations 
in the way of" ellaying ; and the lituation of the door 
us to fee the fubftances very readily. It does 
not admit the introduction of the muffle ; but can be 
employed in all thofc operations where the muffle is 
ufe of; and in Cornwall in England fuch a fur- 
nace is made ufe of for ellaying of metals. To pre- 
: i. . ncc fiom the contact of the fuel, they 

cut oft' about a third part of the length of a brick, 

then put it on one end on the middle of the grate. 

choofc their fuel of large pieces, that the air 

free pauage through it, and open a little of 

[cor, which occalions a llream of air to flow in j 
and this llrikcs upon the fublhmce and produces the 

I delired ; fo that it may be ufed in the calcina- 
tion of lead to convert it into litharge. It alfo an- 
fwers very well in operations for producing vapour. 
If we deli re to employ it in diftillations which require 
an intenfe heat, the earthen retort is to be fufpended 
by means of an iron ring having three branches Hand- 
ing up from it, and which hangs down about half a 
foot from the hole ; i'o that the bottom of the retort 
refts upon the ring, and is immediately hangover the 
fuel : and the opening between the mouth of the fur- 
nace and retort is filled up with broken crucibles and 
potlherds, which are covered over with aflies that 
tranfmit the heat very llowly ; fo it anfwers for di- 
1. illations performed with the naked fire. Dr Black 
has fometimes can fed them be provided with a hole in 
the fide, from which the neck of the retort maybe made 
to come out; and in this way has diltilled the phof- 
phorus of urine, which requires a very ftrong heat. 
For diftillations with retorts performed with the fand- 
bath, there is an iron pot fitted for the opening of the 
furnace, which is fct on and employed as a fand-pot. 
The vent of the furnace then becomes the door ; and 
it anfwers very well for that purpofe ; and is more 
cafily kept tight than if it were in the fide, and may 
be kept clofe with a lid of charcoal and clay. In like 
manner it anfwers well for the common Hill, which 
Huy be adapted to it ; part of it being made to enter the 
open part of the furnace, and hang over the fire, as in 
Plate CXXXIII. fig. S. and 9. that the bottom part of 
thatftill may be made to enter ; and the vent becomes 
the door, by which frefh fuel may be added. Indeed it is 
feldom neccflary to add frefh fuel during any operation. 
In the ordinary diftillations it is never necellary ; and 
even in difiilling mercury, phofphorus, &c. it generally 
contains enough to finifh the operation ; fo effectually 
is the heat prefcrved from lofs or ditfipation, and fo 
very flow is jjic confurnption of the fuel. 
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For luting this and other furnaces, the doctor finds 
nothing perierable to a fimple mixtun I and 

1 he proportions for Handing the violem 
lire are tour parts of land to one of clay ; but when 
defigned for the lining of furnaces, he ufes fix or te\en 
of land to one of clay, the more effectually to prevent 
the contraction of the latter ; for it is know n from ex- 
periments, that clay, when expofed to a ftrong heat, 
contracts the more in proportion to its purity. '1 he land 
fettles into lei's bulk when wet, and docs not contract 
by heat, which it alio refills as well as the clay itfelf. 

Befides this outfide lining next the fire, Dr Black 
ufes another to be laid on next the iron of the furnace ; 
and this conlifts of clay mixed with a large portion of 
of charcoal duft. It is more fit for containing the 
heat, and is put next to the iron, to the thickiuls of 
an inch and a half". That it may be pretty dry when 
firft put in, he takes three parts by weight of the 
charcoal dull, and one of the common clay, which 
mult be mixed together when in dry powder, other- 
wife it is very difficult to mix them perfectly. As 
much water is added as will form the matter into balls ; 
and thefe are beat very firm and compact by means of 
a hammer upon the iniide of the furnace. The other 
lute is then fpread over it to the thicknefs of about half' 
an inch, and this is alfo beat folid by hammering ; after 
Which it is allowed to dry llowly, that all cracks and 
fill'urcs may be avoided : and after the body of the fur- 
nace is thus lined, the vent is fercwed on and lined in 
the fame manner. It mult then be allowed to dry for a 
longtime; after which afire maybe kindled, and the 
furnace gradually heated for a day or two. The fire is 
then to be raifed to the greateft intenlity ; and thus the 
luting acquit es a hardnefs equal to that of free-itone, 
and is afterwards as lafting as any part of the furnace. 

When furnaces are ufed in the large way, they arc- 
always built of brick, and each particular operation has 
a furnace allotted for itfelf. The melting-furnace, 
where very large quantities of matter are not to be 
melted at once, requires only to be built of brick in fuch 
a form as we have already defcribed ; only, as it would 
perhaps be troublefome to procure a dome of the proper 
figure, the forepart of it may be left entirely open for 
the admiflion of melting veffels. The opening may be 
clofed up with bricks and earth during the operation. 
There is no neceffity for having the infide of a circular 
form ; a fquare one will anfwer the purpofe equally 
well. According to the author of the Chemical Dictio- 
nary, whenthe internal diameterD C offuch a furnace 
is 12 or 15 inches, the diameter of the tube G I 8 or 9 
inches, and its height 18 or 20 feet, and when the 
furface is w-ell fupplied with fuel, and extreme heat is 
produced ; in lefs than an hour the furnace will De white 
and dazzling like the fun ; its heat will be equal to the 
ftrongtft glafs-houfe furnace ; and in lefs than two 
hours will be melted whatever is fufible in furnaces. 
The hotteft part is at H F, 4 or 6 inches above the grate. 
A plate-iron tube may be advantageoufly fupplied by a 
lhort chimney of bricks, built under a pretty high vent, 
fo as the whole may eafily be flopped, except that 
paffage which tranfmits thefmokeof the furnace. By 
this means a very ftrong current of air will be made to 
pafs through the fuel. 

On this fubject Dr Black informs us, that Mr 
Pott of Berlin employs one almoft fimilar to the above, 

for 
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for making experiments on earthen ware ; by which he 
mowed that many fubftances formerly rekoned infu- 
fible, might nevertbelefs be melted by fire raifed to a 
very intenfe degree ; and that feveral of thefe bodies, 
when mixed together, form compounds which may be 
melted, without any clith ulty. From this a tube arifes 
to fome height, and there is an additional tube which 
may be put on to the height of above 10 feet. The 
fire-place is narrow below, but widens towards the 
middle, and contrails again at top, for the fake of the 
veffels which are put into it, aiid which are wider at 
top than at bottom. Thus the veflel is equally heat- 
ed, and there is room above for containing a quantity 
of fuel, which defcends as full as it is confumed. Dif- 
ferent reafons have been afhgned for this form : thus 
Dr Boerhaave imagines that the melting furnace mould 
be made of a parabolic form, and Macquer, that it 
fhould be in the form of an ellipfe; and that the cru- 
cible ihould be placed in one of the foci, where they 
imagined the heat would be concentrated ; but it is 
very plain, that the materials are fuch as are not ca- 
pable of reflecting the rays of heat in a regular man- 
ner ; and even though they could do fo, it would 
be to no purpofe, becaufe the heat and light do 
not come from any lingle point, but from a great 
number, ftriking the furnace in all poflible direc- 
tions, and which muft confequently be reflected in 
directions as numerous. The furnace is made of iron 
lined with clay ; and as it is difficult to beat out the iron 
into this roundifh form, it may as well be made, cylin- 
drical ; and it is eafy to give the infide what form we 
pleafeby means of a luting of clay; neither need the 
dome have the roundifh form, but may be fimply made 
conical. The vent Ihould be made about two- thirds of 
the diameter of the furnace, or fuch as will give an 
area of about one-half the grate. A fmall portable 
furnace of this kind is very convenient for ordinary 
crucibles ; the largeft of which are only about four or 
five inches high ; the wideft part of the furnace may 
be beat out about io inches diameter ; and when 
made of thin plate iron, and lined within, are very 
convenient, and may be heated at very little expence 
of fuel. But for heating much larger veffels, it is pro- 
per to conftruct them of brick, when they have pretty 
much the fame form ; only it is neceffary tomake them 
fquare, and round on the infide with a lutingof fand and 
clay. The top is generally made flat, and covered over 
with two or three bricks ; the vent goes a little back- 
wards, and then is raifed to a proper height. Where 
lhe vefTel to be heated is very large, it is common to 
leave the frontopen for putting in the vefTel ; and then 
to build it up with bricks, clay, and fand ; which can 
be ealily pulled down again when the operation is over. 

There are foine cafes in which it is neceflary to 
have a rapidity of inflammation even beyond what this 
furnace can give ; and in thefe we have recourfe to bel- 
lows of various conftructions, by which the air can be 
comprefTed and made to enter the fuel with great ve- 
locity. Thefe again are fometimes wrought by wa- 
ter j but there is another machine which produces a 
greater effect, viz. the water- blaft defcribed by Lewis 
in his Commercium Philofoph. Tech?iicum. 

The eolipile too may be employed for driving air in- 
to fuel. The effect of this has been confidered as a 
proof that air a&s by its elaltieity in animating fuel, 



as an elaftic fluid vapour from the eolipile produces, the Chunicid 
fame effect. But when we contrive to fend fteam in- Furna ce, 
ftead of air, the fame effect is not produced ; and the '~~~ N/ ' 
true manner in which this inftrument increafes the in- 
flammation is by driving air through the fuel : the 
fteam from the vellel fpreadiug and mixing with theair, 
and driving it before it, makes it ftrike upon the fuel. 

Chemifts have generally believed that a wide and 
high afh-hole greatly increafes the power of a melting 
furnace ; but this advantage is found to be merely ima- 
ginary, as well as that of introducing the air through 
a long tube to the afh-hole ; unlefs where the furnace is 
placed in a clofe room, fo that it is neceflary tofurnifh a 
greater blaft of air than can otherwife have accefs. 

For the form of the furnaces neceflary in effaying 
and fmelting of ores or making glafs, fee Essaying 
Glass, and Smelting. 610 

When large ftills, fand-pots, Sec. are to be fixed Still*,fand- 
with a view to daily ufe, it is a matter of no fmall P ots &c - 
confequencc to have them put up in a proper manner. ow t0 * et * 
Therequiiites here are, 1. That the whole force of 
the fit e fhould be fpent on the diftilling veflel or fand- 
pot, except what is neceflarily imbibed by the walls of 
the furnace. 2. That the veflel fhould be fet in fuch 
a manner as that they may receive heat even from the 
furnace walls ; for a ftill which contains any liquid 
can never be madefo hot as a piece of dry brick. 3. It 
is abfolutely necelfary that the force of the fire be not 
allowed to collect itfelf upon one particular part of 
the veflel ; otherwife that part will foon be deftroyed. 
3. The draught of air into-fornaces of this kind ought 
to be moderate ; only fo much as will prevent fmoke. 
If a ftrong blaft of air enters, not only a great part of 
the heat will be wafted by going up the chimney, but 
theoutiideof the veflel will be calcined every timethefire 
is kindled, and thus muft be foon rendered unfit for ufe. 

There are few of the common workmen that arc 
capable of building furnaces properly ; and it is very 
neceflary for a chemift to know when they are pro- 
perly done, and to make the workmen act according 
to his directions. As the ftill, or whatever veflel is to 
be fixed, muft have a fupport from the furnace on 
which it is built, it is evident the whole of its furface 
cannot be expofed to the fire. For this reafon many 
of thefe veffels have had only their bottom expofed to 
the fire, no more fpace being left for the action of 
the heat, than the mere circular area of the ftill bot- 
tom ; and the fire palfing directly through a hole in the 
back part of the building, which communicated with 
a chimney, and confequently had a ftrong draught, 
fcarce fpent any of its force on the ftill, but went i'u- 
rioully up the chimney. By this means an extraordi- 
nary wafteoffuel was occalioned ; and that part of 
the ftill-bottom which was next the chimney receiving 
the whole force of the flame, was foon deftroyed. 
Attempts were made to remedy this inconvenience, 
by putting the fire fomething forward, that it mioht 
be at greater diftance from the chimney, and con- 
fequently might not fpend its force in the air. This 
too was found to avail very little. A contrivance was 
then fallen upon to make the vent pafs round the body 
of the ftill in a ipiral form. This was a conliderable 
improvement ; but had the inconvenience of making 
the fire fpend itfelf ufclefsly on the walls of the furnace 
and beiides wafted that part of the ftill which touched 

the 
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of the vent. A much better method is 

irely dofe 

ij enirtg 

:ine in the 
•"J upper to the chimney. 

•.ice of this form is, that the 
cither be very wide, or it is apt to choak 
which lalt is a very troublelome circum- 
II th< \<- l fc made very wide, a prodigious 
x' air rulhcs through the fuel, and inci 
the | grcc as to calcine the metal of 

Which the ftill is made ; and, on the other hand, no- 
l be more difagrecable than to Jiave the vent 
furnace flopped up with foot. Thtfc inconvc- 
es, ho\v< . totally avoided by making two 

fmall vents, one on each fide of the diltilling veflel, 
Which may communicate with a chimney by means of 
two tubes cither of plate-iron or formed with clay 
or bricks, which may bcoccalionally taken off' if they 
happen to be choaked up. The veffel is to be fil- 
led by three trunnions, fo that the whole furface 
may be expofed to the lire, excepting a ring the thick- 
ncfs of a brick all round ; fo that a very ftrong heat 
will be communicated although the furnace draws but 
little. The two fmall vents on each fide will draw the 
flame equally ; and by this means the moft equable 
lie- it can be preferved, and may be pufhed fo far as to 
make the whole bottom and fides of the veiled intenfe- 
]y red. Such a confirmation as this is more especially 
iifci'ul for land-pots, and thofe which are ufed for dillil- 
Ung alkaline fpirits from bones. 

In the ufe of the furnaces hitherto defcribed, the at- 
tendance of the operator is nccellary, both for infpec- 
tiug the proceUcs, and for fupplying and animating 
the fuel. There are fome operations, of a llower 
kind, that require a gentle heat to be continued for 
a length of time ; which demand little attendance in 
regard to the operations themfclves, and in which, of 
confequence, it is extremely convenient to have the at- 
tendance in regard to the fire as much as pofhbk dif- 
penfed with. This end has been anfwered by the fur- 
nace called alhanor ; but the ufe of it has been found 
attended with foine inconveniences, and it is now ge- 
|n rally laid afid-e. 
Lamp fur- Sundry attempts have been made for keeping up a 
•ice. continued heat, with as little trouble as in the athanor, 

by the flame of a lamp ; but the common lamp-fur- 
naces have not anfwered fo well as could bewifhed. 
The lampsreqoire frequent fnuffing, and fmoke much ; 
and the foot accumulated on the bottom of the veflel 
placed over them, is apt, at times, to fall down and 
put out the flame. The largenefs of the wick, the 
irregular fupply of oil from the refervoir by jets, and 
the oil being fuffcred to fink confiderably in the lamp, 
fo that the upper part of the wick burns to a coal, ap- 
J to bcthe principal caufes of thefc inconveniences ; 
which accordingly were found to be in great meafire 
remedied by the following conftruction. 

The lamp confifls of a brafs pipe 10 or 12 inches 

KIV - long, and about a quarter of an inch wide, inferted at 

6?. S- cm ] i, uo the refervoir of the oil, and turned up at 

,>ther to an elbow, like the bole of a tobacco-pipe, 

perture of which is extended to the width of near 

inches. Or. this aperture is litted a round plate, 

Juvingf, 6, or 7 fmall holes, at equal distances, round 
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its out ( r part, into which are inferted U many pipes Chan 

an inch long : into thefc pipes are drawn threads Furnace*. 
■ten, all together not exec bat in the cum- ' v 

mon lamps! ick : by this divilion of the v. ick, 

the flame expofes a larger furface to the action of the 
air, the fuliginous matter is con fumed and carried oft, 
and tin is clear and vivid. 

The is a cylindric veffel, eight or ten 

inches wide, compofed of three parts, with a cover 
on the top. The middle partition communicates, 
by the lateral pipe, with the wicks; and has an up- 
right open pipe foldered into its bottom, whofe top 
reaches as high as the level of the wick ; fo that, 
when this part is charged with oil, till the oil rifes up 
to the wicks in the other end of the lamp, any fur- 
ther addition of oil will run down through the up- 
right pipe into the lower divilion of the refervoir. 
The upper divifion is defigned for fupplying oil to the 
middle one ; and, for that purpofe, is furnifhed with 
a cock in the bottom, which is turned more or lefs, 
by a key on the outfide, that the oil may drop faff 
enough to fupply the confumption, or rather faftcr, for 
the overplus is of no inconvenience, being carried off* 
by the upright pipe ; fo that the oil is always, by this 
. kept exactly at the fame height in the lamp. 
For common ufes, the middle divilion alone may be made 
to fuffice ; for, on account of its width, the finking of the 
oil w ill not be confiderable in feveral hours burning. In 
either cafe, however, it is expedient to renew the wicks 
every two or three days ; oftener or fcldomer according 
as the oil is more or lefs foul ; for its impure matter, 
gradually left in the wicks, occafions the flame to be- 
come more and more dull. For the more convenient 
renewing of them, there fhould be two of the perfora- 
ted plates ; that when one is removed, another, with 
w icks fitted to it, may be ready to fupply its place. 

One of the black-lead pots, recommended by Dr 
Lewis for his portable furnace, makes a proper fur- 
nace for the lamp. If one is to be fitted up on pur- 
pofe for this ufe, it requires no other aperture than 
one in the bottom for admitting air, and one in the 
fide for the introduction of the elbow of the lamp. 
The refervoir ftands on any convenient fupport with- 
out the furnace. The ftopper of the fide aperture 
confifls of two pieces, that it may be conveniently put 
in after the lamp is introduced ; and has a round hole 
at its bottom fitting the pipe of the lamp. By thefe 
means, the furnace being fet upon a trevet or open 
foot, the air enters only underneath, and fpreads equally 
all around, without coming in flrcams, whence the flame 
burns fteady. It is not advifeable to attempt railing the 
heat higher than about the 45:0th degree of Fahrenheit's 
thermometer ; a heat fomewhat more than fufHcient for 
keeping tin in perfect fufion. Some have propofed giving 
a much greater degree of heat in lamp-furnaces, by u- 
fing a number of large wicks ; but when the furnace is 
fo heated the oil emits copious fumes, and its whole 
quantity takes fire. The balneum or other veffel in- 
cluding the fubjecl-matters, is fupported over the flame 
by an iron ring, as already defcribed in the fand-bath 
and flill : a bath is here particularly nccellary, as tht 
fubjecl would otherwife be very unequally heated, only 
a fmall part of the veffel being expofed to the flame. 
Since the new invention of Argand's lamps, which per- 
fectly confume the oil, attempts have been made to 
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confirm^ lamp-furnaces en their principles ; though, 
on the whole, it is to be doubted whether they are 
preferable to the above conftruclion or not. 
Explanations of the Plates. 

Plate CXXX1II. fig. 1. {hows the figure of the ftill 
recommended by Dr Black ; the bottom formed in fuch 
a manner as to go into his furnace. A, the body ; B, 
the head ; C C, the tube conveying the fleam into the 
worm ; D F, the figure of the worm ; E,the worm-tub. 

Fig. 2. A head taller than the common, proper for 
rectifying ardent fpirits. 

Fig. 3. Another kind of ftill for a common furnace, 
having a concave bottom for receiving the flame. A, 
the body ; B, the head. 

Fig. 4. Papin's digefler. See Chemistry. n° 567. 
A, the body; B B, the crofs-bars ; CD, the fcrew ; 
E, the lid. 

Fig. 5. The outer cafe of Dr Black's furnace with- 
out the luting. A, the body ; B, the feet ; I G, the 
opening at top. 

Fig. 6. C, the grate of the fame, with four projec- 
tions, having holes in them to faften it by nails to the 
inlide of the furnace. 

Fig. 7. A crooked funnel for putting matters into a 
retort without touching the fides or neck. 

Fig. 8. Dr Black's furnace put together in readi- 
nefs for chemical operations. A the mouth ; B, the 
chimney ; C, the door of the afh-hole. £, the regi- 
fters for admitting air. 



Fig. 9. A fection of the fame, fhowing its inlide Chemical 
ftructure. F, the top-cover 5 G, the body, with part Furnaces, 
of the grate ; D, the receptacle for the alhes ; C, its ' * 
door ; E, the regifters. 

Fig. 10. An iron fupport for a crucible. 

Fig. 11. The figure of a crucible. 

Plate CXXXIV. fig. 1. Dr Boerhaave's portable 
furnace. See Chemistry, n° 600. 

Fig. 2. Macquer's melting-furnace. AA, the door of 
the afh-pit ; B, the fpace betwixt the top of the afli- 
pit and fire-place ; D C, the bars ; G H E F, the fire- 
place ; I, the funnel. Ibid. 2d n° 605. 

Fig. 3. Dr Lewis's portable furnace fitted with a 
ftill, Ibid. n° 601, 602. 

Fig. 4. Shows the figure of retorts of different kinds. 

A, the body ; B, the neck. 

Fig. 5. A matrafs and alembic head, with a cucur- 
bit and alembic head made of one piece. A, the body ; 

B, the long neck of the matrafs ; C, the alembic head. 
A, the body of the cucurbit ; B, the head ; C, an 
opening in the head for putting in the matter to be 
diftilled ; D, a glafs ftopple fitted to the opening juffc 
mentioned ; E, the opening of the cucurbit mouth. 

Fig. 6. The pelican and cucurbit now in difufe. A> 
the body of the pelican ; B, the head ; C, an opening, 
fitted with a ftopple ; D D, the arms. A, the body of 
the cucurbit ; B, the head ; C, the neck ; D, the fpouc. 

Fig. 7. A row of adopters or aludels. 

Fig. 8. Dr Lewis's lamp furnace. Ibid. n° 61 1. 
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Never r I ^HE vitriolic acid is never found pure, but always 
found pure. A united with fome proportion, either of phlogilton 
or metallic and earthy fubftances. Indeed there is 
fcarce any kind of earth which does not contain fome 
portion of this acid, and from which it may always 
fome way or other be feparable. When pure, the vi- 
triolic acid appears in the form of a tranfparent co- 
lourlefs liquor. By diftilling in a glafs retort, the a- 
queous part arifes, and the liquor which is left becomes 
613 gradually more and more acid. This operation is ge- 
Redtifica- nerally called the rectification, or dephlegmation, of the 
tion. acid. After the diftillation has gone on for fome time, 

the water adheres more ftrongly to what remains in 
the retort, and cannot be forced over without eleva- 
ting part of the acid along with it. The remaining a- 
cid, being alfo exceedingly concentrated, begins to lofe 
its fluidity, and puts on the appearance of a clear oil. 
This is the ftate in which it is ufually fold, and then 
goes by the name of oil of vitriol. If the diftillation is 
ftill farther continued, with a heat below 6oo° of Fah- 
renheit's thermometer, the acid gradually lofes more 
and more of its fluidity, till at laft it congeals in the 
cold, and becomes like ice. In this ftate it is called 
the icy oil of vitriol. Such exceedingly great concentra- 
tion, however, is only pra&ifed on this acid for curioiity. 
If the heat be fuddenly raifed to6oo°, the whole of the 
acid rifes, and generally cracks the receiver. Clear 



oil of vitriol is immediately turned black by an 
admixture of the fmalleft portion of inflammable matter. 6 14 

The icy oil of vitriol, and even that commonly fold, AttradU 
attracts the moifture of the air with very great force, moiflure 
Newmann relates, that having expofedan ounce of this ir . om tlie 
acid to the air, from September 1 736 to September air ' » 

1737, at the end of the twelvemonth it weighed fe- 
ven ounces and two drachms ; and thus had attracted 
from the air above fix times its own weight of moi- 
fture. This quantity, however, feems extraordinary ; 
and it is probable, that in fo long a time fome water 
had been accidentally mixed with it ; for Dr Gould, 
profefTor at Oxford, who feems to have tried this mat- 
ter fully, relates, that three drachms of oil of vitriol 
acquired, in 57 days, an increafe only of fix drachms 
and an half. The acid was expefed in a glafs of 
three inches diameter ; the increafe of weight the firft 
day was upwards of one drachm ; in the following 
days lefs and lefs, till, on the fifty-fixth, it fcarce 
amounted to half a grain. The liquor, when faturated 
with humidity, retained or loft part of its acquired 
weight according as the atmofphere was in a moift or 
dry ftate ; and this difference was fo fenfible as to af- 
ford an accurate hygrometer. Hoffman having expo- 
fed an ounce and two fcruples in an open glafs- difh, it 
gained feven drachms and a fcruple in 14 days. (, 1S 

This acid, when mixed with a large quantity of Produdive 
water, makes the temperature fomething colder than both of cold 
before ; but if the acid bears any confiderable propor- anci hcat ' 
tion to the water, a great heat is produced, fo as to 
make the veiled infupporuble to the hand ; and there- 
fore 
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Tlv ilic acid unites itfclf very ltrongly 

with alkalies, both fixed and volatile, it dues not ta- 
turate near fo much ot" the latter as of the former. A 
i of oil of vitriol will faturate two of the common 
fixed alkali, but fcarcc one of volatile alkali. The fpe- 
ciric gravity of good oil of vitriol is to water as 17 
to 8. 

If the concentrated ncid is applied flightly and fu- 
perficially to the (kin of a living animal, it raifes a 
violent burtiing heat and pain ; but a larger quantity 
prciled on, fo as to prevent the ingrels of aerial moi- 
, OccaCons little pain or crofion. If diluted with 
a little water, it proves corrofive in either cafe. Large- 
ited with water, this acid is employed medicinal- 
ly for checking putrefaction, abating heat, and quench- 
thirft; in debilities of the ftomach, and heart- 
burn. To perfons of weak and unfound kings, to wo- 
men who give fuck, to hydropic or emaciated perferis, 
it is injurious. Some recommend it as a coflyrium 
for fore eyes ; but as it coagulates the animal juices, 
corroding and indurating the folids, it fcems very un- 
lit for being applied to that tender organ. 

The vitriolic acid is fo much ufed in different arts 
and manufactures, that the making of it has become a 
trade by itfclf; and the procuring it in plenty, and at 
a cheap rate, would be a very advantageous piece of 
knowledge to any perfon who could put it in practice. 
This, however, is very far from being ealily done ; 
for though it cxilts in almolt every mineral fubftance. 
the attraction betwixt this acid and the bales with 
which it unites, is found to be fo ftrong, that we can 
only decompofe fuch combinations by prefenting ano- 
ther fubftance to the acid, to which it has a greater 
attraction than that one wherewith it is joined. Thus 
the tirll combination is indeed diffolved, but we have 
another from which it is cqally difficult to extricate 
the acid by itfclf. Thus, if we want to difengage the 
vitriolic acid from any metallic fubftance, fuppofe iron, 
this may be ealily done by throwing a calcareous earth 
into a folution of green vitriol. We have now a com- 
pound of vitriolic acid with the calcareous earth, which 
is known by the name of gypfitvi or felenites. If we 
want to decompofe this we niuft apply a volatile or or 
a fixed alkali ; and the refult of this will conftantly be 
a new combination, which we are as unable to decom- 
pofe, and indeed more fo, than the firlL There are 
two general methods which have been in ufe for pro- 
curing the vitriolic acid in fuch quantity as to fuppfy 
thc demands of trade. The one is from pyrites, and 
the other from fulphur. 

I. From Pyrites, with the making of Copperas, and 
obtaining the pure Oil of Vitriol from it. 

rites are found in large quantity in the coal-mines 

of EngUnd, where moft of the copperas is made.' 

They are very hard and heavy fubftanccs, having a 

kind of br is if they contained that 

I hence they are called brajfes by the work- 



men. A very large quantity of thefe is collected, and vitrioiir 
fpread out upon a bed of flirt' clay to the depth of three "eid ind 
feet. After being fonYe time expofed to the air, thc ltsc ' 
uppcrniofl ones lofc their metallic appearance, Iplit, ° °°*' - 
and fall to powder. The heaps are then turned, the 
under rmoft, fo as to expofe frefli pyrit. 

the air. When they are all reduced to powder, which 
generally requires three years, the liquor, which is 
formed by the rain-water running from fuch a I 
mafs, becomes very acid, and has likewife a fty'ptic 
vitriolic tafle. It is now conveyed into large ciA'erns 
lined with clay, whence it is pumped into a very large 
flat veffel made of lead. This Veffel, which contains 
about 15 or 20 tons of liquor, is fupportcd by cart-iron 
plates about an inch thick, between w Inch and the 
lead a bed of clay is interpofed. The whole rerts 
upon narrow arches of brick, under which the fire is 
placed. Along with the liquor, about half a to i or 
more of old iron is put into the evaporating veffel. 
The liquor, which is very far from being faturatcd 
with acid, acts upon the iron, and, by repeated filling 
up as it evaporates, diflblVeg the whole quantity. By 
the time this quantity isdillolved, a pellicle is formed 
on the furface. The fire is then put out ; and as fuch 
a prodigious quantity of liquor does* hot admit of filtra- 
tion, it is left to lettlc for a whole i\,)y, and then is 
let off by a cock placed a little above the bottom of 
the evaporating veliel, fo as to allow the impurities to 
remain behind. It is conveyed by Wooden {pouts to 
a large leaden cittern, five or fix feet deep, funk in the 
ground, and which is capable of containing the whole 
quantity of liquor. Here the copperas cryrtallizes 
on the tides, and on flicks put into the liquor. The 
cryflallizaiion 11 fu ally takes up three weeks. The 
liquor is then pumped back into the evaporating vef- 
fel ; more iron, and freih liquor from the pyrites, 
are added ; and a new folution takes place. 

Copperas is ufed, in dyeing, for procuring a black 
colour; and is an ingredient in making common ink. 
It is alfo ufed in medicine as a corroborant, under the 
name of fait ofjle el; but before it is tiled with this 
intention, it is rediffolved in water, an I cry ltallizcd, 
with the addition of a little pure oil ol vitriol. Whe- 
ther it is at all mended by this iiippoftd purification, 
either in appearance or quality, is very doubtful. 

This proctfs fnrniflies us firfl with a very impure 
vitriolic acid, which could not be applied to any ufeful 
purpofe ; afterwards with an imperfect neutral fait, 
called greeti vitriol, which is applicable to feveral pur- 
pofes where the pure acid itfelf could not be ufed ; 
but ftill the acid by itfclf is not to be had without a 
very troublefome operation. ^ 

Though this acid adheres very flrongly to iron, it is Diflimtio* 
capable of being expelled from it by fire; yet not «f vitriolic 
without a very violent and long-continued one. If acidirom 
we attempt to diflil green vitriol in a retort, it fwells C0 PF r «- 
and boils in fuch a manner by the great quantity of 
water contained in its cryftals, that the retort will al- 
mort certainly crack ; and though it fliould not, the fait 
would be changed into an hard rtony mafs, which the 
fire could never fufficiently penetrate fo as to cxtri- t 
cate the acid. It niuft therefore be calcined previous 
to the diftillation. This is befl done in fiat iron-pans, 
let over a moderate fire. The fait undergoes the wa- 
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tery fufton, fSee Fusion) j after which it becomes 
opaque and wnite. By a continuance of the fire, it be- 
comes brown, yellow, and at laft red. For the pur- 
,.pofes of diftillation, it may be taken out as foon as it 
has recovered its folidity. 

The dry vitriol, being now reduced to powder, is to 
be put into an earthen retort, or rather long neck 
(a kind of retort where the neck iffiies laterally, that 
the vapours may have little way to afcend), which it 
may nearly fill. This retort mull be placed in a fur- 
nace capable of giving a very ftrong heat, fuch as the 
melting furnace we have already defcribed. A large 
receiver is to be fitted on; and a fmall fire made in 
the furnace to heat the vefiels gradually. White 
fumes will foon come over into the receiver, which 
will make the upper part warm. The fire is to be 
kept of an equal degree of (Irength, till the fumes be- 
gin to difappear, and the receiver grows cool. It is 
then to be increafed by degrees ; and the acid will be- 
come gradually more and more difficult to be raifed, 
till at lafl it requires an extreme red, or even white, 
heat. When nothing more will come over, the fire 
mull be fuffered to go out, the receiver be unfitted, and 
its contents poured into a bottle fixed with a glafs 
Hopper. A fulphureous and fuffocating fume will 
come from the liquor, which muft be carefully avoided. 
In the retort, a fine red powder will remain, wfiich is 
ufed in painting, and is called colcothar of vitriol. It 
is ufeful on account of its durability ; and, when 
mixed with tar, has been employed as a prefervative 
of wood from rotting ; but Dr Lewis prefers finely 
powdered pit-coal. As a prefervative for mails of 
fhips, he recommends a mixture of tar and lampblack ; 
concerning which he relates the following anec- 
dote. 

" I have been favoured by a gentleman on board of 
avefTel in the Eaft-Ittdies, with an account of a violent 
thunder-fiorm, by which the main-mafl was greatly da- 
maged, and whofe effects on the different parts of the 
mail were pretty remarkable. All the parts which 
were greafed or covered with turpentine were burft in 
pieces : thofe above, between, and below the greafed 
parts, as alfo the yard-arms, the round-top orfcaffiold- 
ing, coated with tar and lamp-black, remained tin* 
hurt." 

Oil of vitriol, When diftilled in this manner, is al- 
ways of a black colour, and mult therefore be recti- 
fied by diftillation in a glafs retort. When the acid 
has attained a proper degree of ftrength, the black- 
nefs either flies off, or feparates and falls to the bot- 
tom, and the liquor becomes clear. The diftillation 
is then to be difcontinued, and the clear acid which is 
left in the retort kept for ufe. 

This was the firft method by which the vitriolic 
?.cid was obtained ; and from its being diftilled from 
vitriol has ever fince retained the name of oil of vitriol. 
Green vitriol is the only fubftance from which it is 
practicable to draw this acid by diftillation ; when 
combined with calcareous earths, or even copper 
(though to this lafl it has a weaker attraction than to 
iron), it refifts the fire moft obflinately. When diftil- 
lation from vitriol was practifed, large furnaces were 
erected for that purpofe, capable of containing an 
hundred long necks at once : but as it has been difco- 
vered to be more eafily procurable from fulphur, this 



method has been laid afide, and it is now net dlefs to Vitriolic 

defcribe thefc furnaces. acid and 

its combi- 

II. To procure the Vitriolic Acid from Sulphur, nations. 



This fubftance contains the vitriolic acid in fuch 
plenty, that every pound of fulphur, according to Mr 
Kirwan's calculation, contains more than one-half of 
pure acid ; which being in a flate perfectly dry, is 
confequently of a ftrength far beyond that of the moft 
highly rectified oil of vitriol. Common oil of vitriol 
requires to be diftilled to one-fourth of its quantity be- 
fore it will coagulate when cold ; and even in this ftate 
it . undoubtedly contains fome water. No method, 
however, has as yet been fallen upon to condenfe all 
the fleams of burning fulphur, at leaft in the large 
way, nor is any other profitable way of decompofing 
fulphur known than that by burning ; and in this way 
the molt fuccefsful operators have never obtained more 
than 1 4 ounces of oil from a pound of fulphur. 

The difficulties here are, that fulphur cannnot be 
burnt but in an open veflel ; and the flream of air, 
which is admitted to make it burn, alfo carries off the 
acid which is emitted in the form of fmoke. To 
avoid this, a method was contrived of burning fulphur 
in large glafs globes, capable of containing an hogf- 
head or more. The fume of the burning fulphur was 
then allowed to circulate till it condenfed into an acid 
liquor. A greater difficulty, however, occurs here ; 
for though the fulphur burns very well, its fleams will 
never condenfe. It has been faid, that the condenfa- 
tion is promoted by keeping fome warm water conti- 
nually fmoking in the bottom of the globe ; and eves 
Dr Lewis has afferted this : but the fleam of warm 
water immediately extinguifhes fulphur, as we have 
often experienced; neither does the fume of burning 
fulphur feem at all inclinable to join with water, even 
when forced into contact with it. AS it arifes from 
the fulphur, it contains a quantity of phlogifton, whiclt 
in a great meafure keeps it from uniting with water ; 
and the delideratum is not fomething to make the ful- 
phur burn freely, but to deprive the fumes of the 
phlogifton they contain, and render them mifcible with 
water. For this purpofe nitre has been advantage- 
oufly ufed. This confumes a very large quantity of 
the phlogifton contained in fulphur, and renders the 
acid eafily condenfible : but it is plain that few of the 
fumes, comparatively fpeaking, are thus deprived of 
the inflammable principle ; for the veflel in which the 
fulphur and nitre are burnt, remains filled with a vo- 
latile and moft fuffocating fume, which extinguifhes 
flame, and iffiies in fuch quantity as to render it high- 
ly dangerous to flay near the place. It has been 
thought that nitre contributes to the burning of the 
fulphur in clofe vellcls ; but this too is a miftake. 
More fulphur may be burnt in an oil of vitriol globe 
without nitre than with it, as we have often experien- 
ced ; for the acid of the fulphur unites with thealkaline 
bafis of the nitre, and forms therewith an uninflam- 
mable compound, which foon extinguifhes the flame, 
and even prevents a part of the fulphur from being 
burnt either at that time or any other. 

In the condenfation of the fumes of fulphur by means 

of nitre, a remarkable effervefcence happens, which 

naturally leads us to think that the condenfation is 

produced by fome flruggle between the vitriolic and 

M nitrous 
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Is. — Dr I .< i opinion, that the acid 

ihr.s [ m an admix'tui 

the nil | in this he is certainly millakcn ; 

ing the acid produced by fulphur and 
nitre, i he tirlt fumes thai come over are red, after 
which they change their colour to white. How the ni- 
trous acid 111'. ild cxift in the liquor, indeed, does not ap- 
t his acid is totally dcflrucliblc by derlagra- 
with charcoal: but it docs not follow, that be - 
aaufe the nitrous acid is deftroyed when deflagrated 
with charcoal, it mull likewife be fo if deflagrated 
with hilphur. Indeed it certainly is not ; for the 
tlyilus of nitre made with fulphur is very different from 
that made with charco.il. 

The proportions of nitre to the fulphur, ufed in the 
oil of vitriol works, are not known, everything 
■ kept as fecret as pofllble by the proprietors. Dr 
. reckons about fix pounds of nitre to an hun- 
dred v. eight of fulphur ; but from fuch experiments as 
we have made, this appears by far too little. An ounce 
and an half, or two ounces, may be advantageoufly 
ufed to a pound of fulphur. In greater proportions, 
nitre feems prejudicial. 

A very great improvement in the apparatus for 
making oil of vitriol, lies in the uliug lead veffels in- 
ilead of glals globes. The globes arc fo apt to be 
broken by accident, or by the action of the acid upon 
them, that common prudence would fnggeft the ufe 
of lead to thole who intend to prepare any quantity 
of vitriolic acid, as it is known to have fo little effect 
upon the metal. The leaden veilels, according to the 
bell accounts we have been able to procure, are cubes 
of about three feet, having on one fide a door about 
fix inches wide. The mixture of fulphur and nitre 
is placed in the hollow of the cube, in an earthen fan- 
ccr, let on a Hand made of the fame materials. The 
quantity which can be confumed at once in fuch a 
vf -ilel is about two ounces. To prevent the remains 
from llicking to the faucer, it is laid on a fquarc bit 
of brown paper. The fulphur being kindled, the 
door is to be clofe (hut, and the whole let alone for 
two hours. In that time the fumes will be condenfed. 
door is then to be opened ; and the operator muft 
immediately retire, to efcape the fuffocaiiug fumes 
which illite from the vcil'il. It will be an hour before 
he can fafely return, and introduce another quantity 
of materials, which are to be treated precifely in the 
manner. 

il of vitriol is made in large quantities, the 
llownefs of the operation requires a great number of 
globes, and conftant attendance day and night. Kence 
. iking of this acid is very expenfive : The appa- 
ratus for a large work ufually coils L.1500. fterling. 

Vitriolic Acid combined, 

I. //'./'• Fixed Alkali. Dilute a pound of oil of vi- 
triol with ten times its quantity of water ; diuolvealfb 
I fixed alkaline fait in ren pounds of va- 

Drop the alkali into the 
lg as any effcrvefcence arifes; managing 
■utters fo that the acid may prevail. The liquor w ii! 
1 be a folution of the neutral fait, called vitriol ate d 
, which may be procured in a dry form, either 
Lization. In cafe the latter 
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method is made ufe of, fome more alkali mull be added Vitriolic 
when it is let to evaporate, tor this fait cryflallizes bill "Wand 
in an alkaline liquor. 

Other methods, bcfides that above defcribed, have 
been recommendtd lor preparing vitriolated tartar; 
particularly that of uling green vitriol inftead of the 619 [630] 
pure vitriolic acid. In this cafe the \itriol is decom- Different 
pofed by the fixed alkali : but as the alkali iifilf dif- methods of 
folvcsthe calx ot iron after it is precipitated, it is next Preparing 

to impolTIhJe to procure a pure fait by fuch a procefs ; !"*" a 

, , * . . l - r , r t • 1 1 tartar, 

neither is there occabon to be folicnous about the pre- 
paration of this fait by itfelf, as the materials for it arc 
left in greater quantity than will ever be demanded, af- 
ter the dillillation of fpirit of nitre. 

Vitriolated tartar is employed in medicine as a 
purgative; but is not at all fuperior to other falts 
which are more ealily prepared in a cryflalline form. 
It is very difficultly foluble in water, from which pro- 
ceeds the difficulty of cryflallizing it: for if the 
acid and alkali are not very much diluted, the fait 
will be precipitated in powder, during the time of fa- 
turation. — It is very difficult of fulion, requiring a 
ftrong red heat ; but, notwithftanding its fixednefsin 
a violent fire, it arifes with the fleam of boiling water 
in fuch a manner as to be almoft totally diffipated along 
with it by flrong boiling. — This fait has been ufed in 
making glafs ; but with little fuccefs, as the glafs 
wherein it is an ingredient always proves very brittle 
and apt to crack of itfelf. 

If, inflcad of the vegetable fixed alkali, the vitriolic Glauber's 
acid is faturated with the foffile one called the/alt e/falt. 
Soda, a kind of neutral fait will be produced, having 
very different properties from the vitriolated tartar. 
This compound is called Glauber' $ fait. It diflblves 
eafily in water, flioots into long and beautiful cryflals, 
which contain a large quantity of water, in confe- 
quence of which they undergo the aqueous fufion 
when expofed to heat. They are alfo more eafily fu- 
fible than vitriolated tartar. — This kind of fait was for- 
merly much recommended as a purgative, and from its 
manifold virtues was intitled by its inventory^/ intra- 
bile. It is, however, found to poflefs no virtue diffe- 
rent from that of other purgative falts : and its ufe is, 
in many places, entirely fuperfeded by a fait prepared 
from the bittern, or liquor which remains after the cry- 
flail ization of fea-falt, which mall be afterwards de- 
fcribed. (^ 

II. With volatile alkali. Take any quantity of vo- Glauber's 
latile alkaline fpirit; that prepared with quicklime fecret fait 
is perferable to the other, on account of its raifing ammonia*. 
no effcrvefccnce. Drop into this liqaor, contained 
in a bottle, diluted oil of vitriol, making the bottle 
after every addition. The faturation is known to 
be complete by the volatile fmell of the alkali being 
entirely deftroyed. When this happens, fome more 
of the fpirit muft be added, that the alkali may 
predominate a little, becaufc the excels will fly off 
during the evaporation. The liqnor, on being fil- 
tered and evaporated, will (hoot into fine fibrous 
plates like feathers. This fait, when newly pre. 
pared, has a fulphureous fmell, and a penetrating 
pungent tafle. It readily diilblves in water, a:;d in- 
creases the coldnefs of the liquor ; on Handing for a 
little •. :gins to feparatc from the water, and 
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vegetate, or arife in efnorefcences up the fides of the 
glafs. It eafily melts in the fire ; penetrates the com- 
mon crucibles; and if fublimcd in glafs veficls, which 
requires a very confiderable heat, it always becomes a- 
cid, however exactly the fatu ration was performed. 

This fait has been dignified with the names of Glau- 
ber" ' s fecret fal ammoniac, or philofophicfal ' ammoniac, from 
the high opinion which fi me chemifts have entertained 
of its activity upon metals : but from Mr Pott's expe- 
riments, it appears, that its effects have been greatly ex- 
aggerated, it diflblves or corrodes in fome degree all 
thofe metals which oil of vitriol dhTolves, but has no 
effect upon thofe on which that acid does not act by 
itfelf. 

Gold is not touched in the leaft, either by the fait 
in fulion, or by a folution of it : the fait added to a 
folution of gold in aqua-regia occalions no precipita- 
tion or change of colour. On melting the falts with 
inflammable matters, it forms a fulphureous compound, 
which diflblves gold in fufion, in the fame manner as 
compofitions of fulphur and fixed alkaline fait. Melt- 
ed with filver, it corrodes it into a white clax, which 
partially diflblves in water : it likewife precipitates fil- 
ver from its folution in aquafortis. It acts more pow- 
erfully on copper ; elevates a part of the metal in fub- 
limation, fo as to acquire a bluifh colour on the fur- 
face ; and renders the greateft part of the refiduum fo- 
luble in water. This folution appears colourlefs, fo 
that it could not be fnppofed to hold any copper; but 
readily difcovers that it abounds with that metal, by 
the blue colour it acquires on an addition of volatile 
alkali, and the green calx which fixed alkalies precipi- 
tate. In evaporation it becomes green without addi- 
tion. Iron is corroded by this fait in fufion, and dif- 
folved by boiling in a folution of it. Zinc diflblves 
more freely and more plentifully. Lead unites with 
it, but does not become foluble in water. Tin is cor- 
roded, and apart of the calx is foluble in boiling wa- 
ter. Of regulus of antimony alfo a fmall portion is 
made foluble. Alkalies precipitate from the folution 
a bluifii powder. Calcined bifmuth-ore treated with 
its equal weight cf the fait, partly diflblved in water 
into a pale red liquor, which became green from heat, 
in the fame manner as tinctures made from that ore by 
aqua-regia. The undiflblved part yielded (till, with 
frit, a blue glafs. On treating manganefe in the fame 
manner, aluminous cryftals were obtained : the un- 
diflblved part of the manganefe gave ftill a violet colour 
to glafs. 

III. With Calcareous Earth. This combination 
may be made by faturating diluted oil of vitriol 
with chalk in fine powder. The mixture ought to 
be made in a glafs ; the chalk mult be mixed with 
a pretty large quantity of water, and the acid drop- 
ped into it. The glafs muff be well Shaken after 
every addition, and the mixture ought rather to be 
over faturated with acid ; becaufe the fuperfluons 
quantity may afterwards be wafhed off: the fclenite, as 
it is called, ox gyp j urn, having very little folubility in 
water. 

This combination of vitriolic acid with chalk or cal- 
careous earth, is found naturally in fuch plenty, that it 
is feldomor never i iade, unlefs for experiment's fake, 
<?r by accident. Mr Pott indeed fays, that he found 



fome flight differences between the natural and artifi- Vitriolic 
cial gypfum, but that the former had all the eflcntial acid and 
properties of the latter. its ccn:bl " 

The natural gypfums are found in hard, femitran- > 

fparent mafles, commonly called alabajler, or plajicr of 
Paris. (See Alabaster, Gypsum, and Plaster.) 
By expofure to a moderate heat, they become opaque, 
and very friable. If they are now reduced to fine 
powder, and mixed with water, they may be caft in- 
to moulds of any ihape : they very foon harden with- 
out flrrinking ; and are the materials whereof the com- 
mon white images are made. This property belongs 
likewifeto the artificial gypfum, if moderately calcined. ^4 

Mr Beaume has obferved, that gypfum may be dif- Dcaunte's 
folved in fome mcafure by acids ; but is afterwards fe- ebferva- 
parable by cryftallization in the fame ftate in which it tlons - 
was before folution, without retaining any part of the 
acids. This compound, if long expofed to a pretty 
itrong heat, lofes great part of its acid, and is con- 
verted into quicklime. In glafs veflels it gives over 
no acid with the molt violent fire. It may be fu fed 
by fuddenly applying a very intenfe heat. With clay 
it foon melts, as wc have obferved when (peaking of 
the materialsfor making crucibles. Alike fufion takes 
place when pure calcareous earth is mixed with clay ; 
but gypfum bubbles and fwells much more in fulion 
with clay than calcareous earth. 

From natural gypfum Ave fee that vitriolated tartar 
may be made, in a manner fimilar to its preparation 
from green vitriol. If fixed alkaline fait is boiled with 
any quantity of gypfum, the earth of the latter will be 
precipitated, and the acid united with the alkali. If 
a mild volatile alkali is poured on gypfum contained in 
a glafs, and the mixture frequently fhaken, the gyp- 
fum will in like manner be decompofed, and a phtlofo- 
phic fal ammoniac will be formed. With the cauftic vo- 
latile alkali, or that made with quicklime, no decom- 
pofition enfues. g„- 

IV. With Argillaceous Earth. The produce of Alum of 
this combination is the aftringent fait called alum-, theancknts 
much ufed in dyeing and other arts. It has its different 
name from the Latin word alumen called w^-mpix from ours ' 
by the Greeks ; though by thefe words the ancients 
exprefled a ftalactitic fiibftance containing very little 
alum, and that entirely enveloped in a vitriolic mat- 
ter. The alum ufed at prefent was firft difcovered 
in the oriental parts of the world ; though we know £„g 
not when, or on what occafion. One of the inoft an- whence 
cient alum-works of which we have any account was the name of 
that of Roccho, now Edefla, a city of Syria : and from rock alum 
this city was derived the appellation of Roch-alum ; an is dented. 
expreflion fo little underftood by the generality, that it 
has been fnppofed to fignify rock-alum. From this, and 
fome works in the neighbourhood of Conilantinople, as 
well as at PhocaeaNova, now Foya Nova, near Smyr- 
na, the Italians were fupplied till the middle of the 
15th century, when they began to fet up works of a - 639 
fimilar kind in their own country. The firft Italian Alum- 
alum work was eitablifhed about 1459 by Bartholo- works fet 
mew Perdix,or Pernix, a Genoefe merchant, Mho had u P ia ItuI ^' 
difcovered the proper matrix, or ore of alum, in th-e 
illand of Ifchia. Soon after the fame material Mas 
difcovered at Tol fa by John de Caftro, who hadvifit* 
ed the alum manufactories at Constantinople. I T a- 
M 2 ving 
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ol the Turkifh c 

une near Tolfa, lie concluded thai the materials 

■ m Were I . :,d was quickly 

ns by the i ifte of the (lonesin 

the neighbourhood. Thefe alum- works proipercd ex- 

ingmented by an edict 

640 ' hibiting the nfie ol foreign alum, 
in s i In the 16th century an alum manufactory was crec- 

•'1. ted at Alamarori,in the neighbourhood of Carthagena, 

where kftill continues. Several others were creeled in 

nany; and in the reign of Queen Elizabeth one 

ereded in England by Thomas ChaToner. The 

preparation of this fait was not known in Sweden till 

the 1 71I1 century. 

i ■ - The component principles of this fait were longun- 

ncnt parts known ; but at lalt Mcllrs Roulduc and Gcoffroy dif- 

' °' covered, that it confided of argillaceous earth fuperfa- 

tnrated with vitriolic acid. This is confirmed by the 

( experiments of other chemifls. It is found to redden 

,,y. the tincture and paper of turnfole •, and on takingaway 

641 the fupcrabundant acid, it lofes its folubility and all 
Millike of the other properties of alum. Mr Morveau, indeed, 

•iu will not admit of a fuperabnndance of acid in alum, 

which he think., would ncceilarily be feparated by 

r ir " edulcoration and cryftallization j and he is of opinion 

that the turning vegetable juices red 

is not any unequivocal fignof the prefence of an acid. 

In the prcfcni cafe, ', • wever, we certainly know that 

then is a fupcrabundancc of acid, and that a certain 

in of till vitriolic acid adheres to the clay left te- 

Alum de- nacioufly than tb< remainder. If we put a piece of 

r rivt i '. ofalum, ; t will attract this portion 

1 of acid j and 1 1 vitriol; hen deprived of the 

. l \ u \'\ 1^ 1 fuperfluous quantity, will fall down to the bottom in an 

io water. »»fi>hibl< p. 

Alum in ary flate contains a confiderable 

quantity by p oper manage- 

: ' . . 1 nt and co- 

lourlefs cryftal to a moderate fire, 

it melts, bubbles, being gradually 

changed into a light, fj mafs, called burnt 

alum. This, with the . fome vitriolic acid, 

may be cry ft alii zed as befoi . The principles it con- 

644 tains, therefore, are watt acid, and argilla- 

Berpman's ;h. The proportions may be afecrtained in 

mothcJ of the following manner. 1. The water and fuperfluous 

finding the v j lr j ij c aciefmay be diffipated by evaporation, or ra- 

^hck t * lhcrdUlil,ation; ;i!ld lhc lofeof wci g hl Grained by 

lie quantity of liquid which comes 

lliows the quantity of aqueous 

a:ed acid. 2. By combining this 

mch canftic fixed alkali as is fnfficient to fa- 

ite the acid which comes over, we know its propor- 

r tion to the water ; and by rcdifiilling this new com- 

I ,i t - pound, we have the water by Ufelf. c. The earth may 

. . n - be 1 ipitation with an alkali in its cau- 

1 ... either fixed or volatile : but this part of the 

led with confiderable difficulty ; for the 

ibibrb the fiiperfluous acid, after which 

the earth combined to faturation with the acid falls to 

the bottom, and the digeftion with thealkalinc fait 

mult be continued for a very confiderable time ; 

the aciJ is totally feparated. By analyfing abim in 

ir Bergman determined the jj .. 



alum to be 38 pans of Vitriolic acid. iSet rtoB« 

44 01 water, to iooof the cryftallized I « e 'd and 

It has been a qucflion among chemifls, whether the '•■ \ ombi " 
earth of alum is to be confidcred as a pure clay or not. Batic ° fc .. 

The fait was extracted from common clay by Mtilis 646 
Hetlot and Geofrroy. The experiment was repeated Propcr- 

with fuccefs by Mr Pott ; but he teemed to conllder it «'<»>•"* '»- 
rather as the production of a new fnbftance dm ing the K rcdicnt8 
operation, than a combination of any principle ahead) a '", < "lCl* V^ 
exifting with the vitriolic acid. Margraaf, however, inkn# 
from fome very accurate experiments, demonilratcd, 647 
that all kinds of clay couliit of two principles media- Whether 
nically mixed: one of which conftantly is the pure theearthof 
earth of alum. This opinion is efpoufed b) Bergman ; alum bc a 
who concludes, that lincc an equal quantity of it may l ,uret " 1 7 
be extracted from clay by all the acids, it can only be .j» 
mixed with thefe clays ; for if it was generated by the Comp<>- 
menflrua during the operation, it mult be procured in ncnt part* 
different quantities, if not of different qualities alio, ac- •'* "N kind$ 
cording to the difference of the folvents made ufe of. °' c biyinve- 
Notwithftanding this, the matter feems to be rendered »i^ ate * y 
fomewhat obfeure by an experiment of Dr Lewis. <$.« 
" Powdered tobacco-pipe clay (fays he) being boiled in LtwiYs 
a confiderable quantity of oil of vitriol, and the boiling expefi- 
continucd to drynefs, the matter when cold difeovers nunt, ten- 
very little talle, or only a flight acidulous one. Ex- ^6 to 

poled to the air for a few days, the "-rcatefl. part of , w th , at 
1 1 1 • iv r r n - clay unucr- 

n was changed into lanuginous cillorcfcenccs tailing ' s follie 
exactly like alum. The remainder, treated with firefh change in 
oil of vitriol, in the fame manner exhibits the fame being con- 
phenomena till nearly the whole of the clay is convert- verted iota 
ed into an aftringent fait." Htncc he concludes, that carth of 
the clay is in Ionic degree changed before the alumi- alum- 
nous fait is produced. Without this fuppofition, in- 
deed, it is difficult to fee why the fait (houlel not be pro- 
duced immediately by the combination of the two ( 
principles. An hundred parts of cryflallizcd alum re- Solubility 
q ires, according to Mr Bergman, in a mean heat of alum in 
1412 parts of diflilled water, but in a boiling heat warm and 
only 75 of the fame parts for its folution. The fpeci- in colcl * u " 
fie gravity of alum, when computed from the increafe tcr * 
of bulk in its folution, is 2.071 when the air-bubbles 
are abft rafted ; but if they are fuffered to remain, it is 
no more than 1.757. Thefe bubbles confift of aerial 
acid, but cannot be removed by the air-pump, though 
they fly off on the application of heat. f ) . l 

The ores from which alum is prepared for fale, accord- Tcrgman's 
ing toMr Bergman, are of two kinds : one containing the account of 
alum already formed, the other its principles Quired by theSw*4i» 
roafting. What he calls the aluminous fchift, is no- ores of 
thing but an argillaceous fchifl impregnated with a dried m " 
petroleum, from whence the oil is eaflly extracted by Compo- 
dift illation ; but by applying proper menftrua it difco- ntnt parts 
vers feveral other ingredients, particularly an argilla- of die alu- 
ceous martial fubflance, frequently amounting to j of niinous 
the whole ; a filiceous matter amounting to \ ; and com- ichlft - 

; lfo a final 1 proportion of calcareous carth and 

the reft being all pyritous. By roaftifigu ' "*i 
nminous part is deftroyed and the py- Ee <j j™ 
rites decoinpofed ; on which part of the vitriolic acidroaftiag, 
adheres to the iron of the pyrites, and the reft to the 
pure clay: of the fchifl. fori en vitriol with the 

former, and alum with t)> If any calcareous 

r magri< fait 

... ai the itxt Hi; e. No fall it. churned 

by 
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by lixiviating this fchift before calcination, thought Mr 
Bergman thinks nothing more is neceffaryfor the pro- 
duction of the fait but the prefence of a pyrites. This, 
he tells us, is generally dilperfed through the mafs in 
form of very minute particles, though it fometimes ap- 
pears in fmall nuclei. The goodnefs of the ore, there- 
fore, depends on the proper proportion of the pyrites to 
pyrites on- t h e c j a y^ an{ j j ts e q na i diftribntion through the whole. 

ynece ^ r / The moft denfe and ponderous is mofl efteemed, while 
lor the pro- , ... * r , , . '.-.,. 

crudion of tnat wnicn contains 10 much pyrites as to be vilible is 
alum. rejected as having too much iron. The ore which pro- 

duces left than four pounds of alum from 100 of the 
ore does not pay the expence of manufacturing in Swe- 
den. Sometimes this kind of ore produces falts with- 
out the application of fire ; but this muft be attributed 
to a kind of fpontaneous calcination. 

That fpecies of ore which contains the principles 
already united into alum, according to Mr Bergman, is 
alum ready to be met with only in volcanic countries ; and of this 
formed,on- kind are the principal Italian ores of alum, particu- 
wh''^ met ^ ar ^ t ^ at em Pl° ve d at Tolfa near Cincelles, for boiling 
the Roman alum. Mr Monnet, however, is of opinion, 
that even this ore does not contain alum perfectly 
formed, but a combination of nearly equal parts of 
clay and fulphur, which by expofure to air during 
calcination, is converted into alum. He found a little 
martial earth alfo contained in it, to which he afcribes 
Aluminous the reddifh colour of that alum. The aluminous ore 
Sol_ at Solfatara in Italy confills of old lava whitened by 
the phlogifticated vitriolic acid. The clay thus be- 
comes a component part of the aluminous fait, and the 
mafs efflorefces in the fame manner, and for the fame 
reafon, as the mafs left after boiling tobacco-pipe clay 
in oil of vitriol mentioned by Dr Lewis. Mr Berg- 
man, who examined this ore, found, that 100 pounds 
of it contained eight of pure alum, belides four of pure 
clay ; and that the remainder was filiceous. This pro- 
portion, however, muft be very variable, according 
to the quantity of rain which falls upon the ore. 

A variety of aluminous ores are to be met with in 
different parts of the world. In HafTia and Bohemia 
Haffia, Bo- this fait is obtained from wood impregnated with bitu- 
hemia, and mC n. At Heliingborg in Scania, a turf is found con- 
fifting of the roots of vegetables mixed with nuts, ftraw, 
and leaves, often covered with a thin pyritous cuticle, 
which, when elixated, yields alum : Even the fiilphu- 
reous pyrites is generally mixed with an argillaceous 
Alum,'ful- matter, which may be feparated by menftrua. In 
phur, and fome places, fulphur, vitriol, and alum are extracted 
from the fame material. The fulphur rifesby diftilla- 
tiou ; the reliduum is expofed to the air till it efflo- 
refces, after which a green Vitriol is obtained by lixi- 
viation, and alum from the fame liquor, after no more 
Alumflate virriol will cryfbllizc. The aluvi jlate, from which 
found at (alt is made near York in England, contains a confi- 
derable quantity of fulphur; and therefore produ- 
ces alum on the principles already mentioned. 

Mr Bergman has given very particular directions 
for the preparation of this fait from its ores, and mi- 
for thepre- nutely defcribes the feveral operations which they 
paration of inu ft undergo. Thefe are. 

1 . Ro astinc. This is abfokitety ncceffary in order 
to deftr w he pyrites ; for on this the formation of the 
alum entirely depends; as. the fulphur of the pyrites 
will not part with its phlogifton without a burning 
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heat in the open air. By long expofure to the air, in- Vitriolic 
deed, the fame effect will follow ; butunlefsthe ore be acid and 
of^a particular kind, andloofein texture, fo that the air lts comru " 
can freely pervade it, the procefs we fpeak of cannot " a ' v . 
take place. The hard ores, therefore, cannot be 663 
treated in this manner ; and the earthy ores are not Expofureto- 
only unfit for fpontaneous calcination, but for roafting * hc u * nas 
alfo, as they will not allow the air to pervade them and j° n Y tnl ' es 
extinguifh the fire. Such as are capable of fpontane- e ff e( ft. 
ous calcination, fliould be fupplied with fome quantity 664 
of water, and laid on a hard clay bottom, as directed Earthy ores 
for making green vitriol. The roafting is performed unfit for 
in Sweden in the following manner. Small pieces of b° th °P era " 
the ore are (brewed upon a layer of burning flicks to tlon 5 • 
the thickuefs of half a foot. When the flicks are Method of 
confumed, thefe are covered, nearly to the fame roaftingthe 
thicknefs, with pieces burned before and four times ore in Swe-- 
lixiviated : Thus flrata are alternately laid of fuch a den. 
thicknefs, and at fuch intervals of time, that the fire 
may continue, and the whole mafs grow hot and 
fmoke, but not break out into flame. The upper flra- - 
ta may fometimes be increafed to a double thicknefs 
on account of the long continuance of the fire. When 
eight flrata are laid, another row is placed contiguous 
to the former ; when this is finifhed, a third ; and fo 
on until the heap be of a proper fize, which rarely re- 
quires more than three rows. When the ore is once 
roafted, it flill contains fo much phlogifton that water 666 
acts but little upon it ; but after the operation is two How often 
or three times repeated, the ore yields its principles t} 16 opera- 
more freely : the roafting may even be repeated to ad- tl( 
vantage till the whole be reduced to powder. The bi- 
tumen keeps up the fire ; for which reafon alternate 
layers of the crude ore are ufed ; and in rainy weather 
thefe layers of unburnt ore mould be thicker. An heap, 
20 feet broad at the bafe, two feet at the top, and con- 
fifling of 26 rows, is finilhed in three weeks, but re- 
quires two or three months to be well burned, and 
three weeks to cool. The greater pyritous nuclei ex- 
plode like bombs. In this procefs the fulphur of the 
pyrites is flowly confumed, and the phlogifticated acid 
penetrating the mafs, is fixed ; after which the re- 
maining phlogifton is gradually diffipated. The chief Danger ©f- 
art conlifts in moderating the heat in fuch a manner as raifing kha 
to avoid with fafety the two extremes ; for too fmall neat t0 ° 
a fire would not be capable of forming the fait, while much " 
a heat too ftrong would deflroy it by melting the ore. 
The fcoriaare infolublein water, and therefore thrown 
away as ufelefs. They are produced by violent winds, 
or by a flrong heat too much clofed up ; for it is ne- 
cellary to make holes in the red flrata, that the fire 
may reach the back ftratum which is to be laid on. 
Another method of burning was invented by the cele- 
brated Rinman, and is practifed at a place called Gar- 
phyttan in Sweden. There the oreitfelf is fetonfire; method of 
and afterburning is boiled, and yields alum in the fame bonimgtke 
manner as the former. The heaps are formed in the °r e r at Gar ~ 
following manner : Firft the fchifl, burning from the 
furnace, is laid to the depth of four feet ; if the fire be 
flow, then wood is added ; after that a thin ftratum of 
elixated fchifl ; the third confills of fchifl not burned ; 
and the fourth of elixated fchifl a foot and a half thick ; 
after that the burning fchifl, and fo on. This method, 
however, is attended with fome inconveniences. The 
vitriolic acid is partly diffipated by the fire, and thus 

the 
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I is diminifhed : Co much fchift alio 
method thai ic cannot all be elixa- 

- the heap mull be perpetually 

s . I n< bard tuning bitumen, Inch as thole oi 

.ipon wood for fome hours like 
til they become pervious to water, and 
:cc. The tire is extinguiflied as loon as the 
e becomes white, and the fmell of fulphtire- 
is to be ;i the ore 

| rticlcs which were ncarelt to the tire 
arc placed outcrnioll, and ihofe which had been outer- 
in, the lire being again lighted. The ore is 
when it can be broken wiih the 
hands. It i-> then heaped up near certain trenches, 
and watered five times a-day, particularly when ihc 
Junes clear; the operation being destroyed by a 
continued rain and cloudy iky. In lomc places the 
ore is firfl burned and afterwards elixatcd ; neither is 
there any way of knowing the proper methods of ma- 
naging it but by experiment. 
d of 2. Ki.ixation. This is performed in fome places 
with hot, and at others with culii, water. AtGarphyttan 
in Sweden, where the latter method ischofen, the re- 
ceptacles, in the year l 772, were of hewn Hone, having 
their joints united by fome cement capable of refuting 
the liqdbr. Every let confifted of four fqnare recep- 
tacles difpofed round a fifth, which was deeper than 
the re-It. The rirfl receptacle is filled with roafled 
fchift, and the ore lies in water for 24 hours ; the wa- 
ter is then drawn off by a pipe into the fifth j from 
thence into the fecond, containing fchift notyetwafhed ■, 
from that in like manner, after 24 hours, through the 
fifth into the third, and lb into the fourth The lixi- 
vium is then conveyed to the fifth, and allowed to 
(land in it ; and laflly is drawn off into a veflel appro- 
priated for its reception. — In other places the water 
pafles ever the fchift that has been w allied three times 
for fix hours ; then that which has been twice w aflied, 
next what has been once w allied, and lallly, the ore 
which has been newly roaftcd. Thofe who luperintend 
which the the alum manufactories are of opinion that the alum 
alum ruy is dcllroycd by palling the water firli over the newly 
l>f deftroy- burnt ore, and thenover that which has been prcviouf- 
ed. \y elixated. 

673 -pj lfc lixiviujH, before boiling, ought to be as richly 

per K Pr °* impregnated with alum as polnble, in order to fave 

llrcngth of fnel, though this is frequently neglected. In fome 

the hxivi- places the tafte is ufed as the only criterion ; but in 

uui before others the weight of water which tills a fmall glafs 

boiling. bottle is divided into 64 equal parts, each of which is 

called in Sweden a fanning; and the quantity by 

which the fame bottle, full of lixivium, exceeds it when 

filled with water, is fuppofed to indicate the quantity 

•f fait diflolved. — This method may undoubtedly be 

reckoned fafficlently accurate for work conducted on 

a large fcale : and though Mr Bergman gives formulae 

by which the matter may be determined to a fcrupu- 

k . tnefs, it does not appear that fuch accuracy 

is either necellary or indeed practicable in works con- 

:cd in a great v 

Thofe who manage the alum manufactories afTerr, 
that the cold lixivium ought to be made no richer than 
when the weight of the bottle filled with lixivium 
*. v ith water by 4; paintings, 
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WS the water to be loaded with '. of ttl 

'it of alum. If ilu amounts to 1 x 

i, which indicates its containing ■. _ of fait, cry- 

ftals arc then depofited. — Congelation is ol no ufe 

to concentrate the aluminous lixivium ; for water 
faturated with aluin freezes almofl > as pure 

water. 

3. Boiling the i.ey fob. chrystallization. 

The ley being firft brought from the pits through ca- 
nals made for the pui pole, is put into a leaden boiler, at 

the back of which is a refervoir, out of which the lofs 
fuilained by evaporation is conJlanily fupplied, fo that 
the furfaccof thatin the boiler continues always nearly 
at the fame height. Various I fed by different 

ifacturers to know when the ley is properly evapo- 
rated: fome determining the matter by the floating of a 
new laid egg; others by dropping a fmall quantity on a 
plate, and obferving whether it cryflallizes on cooling; 
and lallly, others weigh the lixivium in the bottle 
abovementioned. The boiling is fuppofed to be fi- 
niflied if the increafe of weight be equal 10 10 pan- 
mugs; that is, if the water be loaded with T ^ v of 
its own weight. It might, however, take up above • 
of its weight, or nearly 27 pannings ; but as it has to 
be depurated by ltanding quiet before the cryflals arc 
formed, the liquor mull not be fully fa turned with 
fait. 

The lixivium, when fufficiently concentrated by 
evaporation, flows through proper channels into coolers, 
where it is allow ed to reft for about an hour to free it 
from the groller fediment ; after which it is put into 
wooden or Itone receptacles to cryflallizc. In eight 
or ten days the remaining liquor, commonly called 
?nothcr ley , ox ?uagiflral water , is let off' into another vef- 
fel. A great number of cryflals, generally fmall and 
impure, adhere to the bottom and lides of the vellel, 
which are afterwards collected and w aflied in cold 
water. 

\\ hen a fufficient quantity of the fmall cryflals arc 
collected, thy muft then be put into the boiler for de- 
puration. They are now diflolved in as fmall a quan- 
tity of water as poflible ; after which the lixivium is 
poured into a great tub containing as much as the 
boiler itfelf. In 61 or 8t days the hoops of the tub 
are loofed, and the aluminous mafs bound with an 
iron ring ; and in 28 days more the rcflduum of ihc 
folution is let out through a hole, and collected in a 
trench; after which the faline mafs, which at Gar- 
phyttan in Sw cden amounts to 26 tons, is dried and fold 
as depurated alum. The boiler emptied for the firit 
cryftallization is next filled two-thirds full with the 
magiitral lixivium ; and as foon as the liquor arrives 
at the boiling point, the other third is filled with crude 
lixivium, with which the evaporation is alfo conflantly 
fupplied. A certain quantity of the aluminous im- 
purities left by waffling the falts of the firlt cryftalliza- 
tion in water is then added, and the above defcribed 
procefs repeated. Only the firfl boiling in the fpring 
is performed with the crude lixivium alone, the reit 
are all done as jufl now related. — Mr Bergman re- 
marks, that the time required for cryflallization may 
undoubtedly be fhortcned. The refervoirs ufed in 
Sweden for this purpofr (he fays), arc dap and nar- 
row at the top ; on which account they are not only 

long 
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long in cooling, but the evaporation, which is abfo- 
lutely neceSlary for the cry Utilization, goes on very 
ilowly, excepting in extremely warm weather, at the 
fame time that- the doors and windows are difpofed in 
fuch a manner as to direct a current of air along the 
furface. In Italy he tells us that conical refervoirs are 
g 79 ufed with the wide part uppermoft. 
Alum can- It is remarkable, that pure alum cannot be obtained 
not be in very coniiderable quantity by merely evaporating 
formed by ant { coo ling the ley. The reafon of this is, that the 
merely eva- j j x j v j um f omet i iries acquires fuch a confiftence, that it 
andcooling: k otn c r yft a ^i zes with difficulty, and produces im- 
the ley, on P ure crystals. The caufe was unknown till the time 
account of of Mr Bergman, who has mown that it proceeds 
the excefs from an excefs of vitriolic acid. Hence alfo we may 
fee the reafon why alkaline falts, volatile alkali in its 
pure ftate, or even putrefied urine, when added to this 
thick folution, produce good cryftals of alum when 
This excefs they cannot be obtained otherwise. It is remarkable 
cannot be that this impediment to crystallization is not re- 
rcmovedby m oved by mineral alkali, though it is fo by the ve- 
mmera a - p. etaD ] e an j volatile alkalies, which is a phenomenon 
kalKthough p. , , . , , ',. r . , 

hmaybeby hitherto unexplained. According to our author, how- 
vegetable ever, an addition of pure clay, to abforb the fiper- 
and volatile abundant acid, is preferable to any other ; and indeed 
alkalies, it is reafonable to think fo, as the union of vitriolic 
*?.'! beft of acid and pure clay forms the fait delired, which is not 
a ypure ^ ca r e w ^ t j 1 anv f tnc a i] ca lj es< fo afcertain this, 

ggj he made the following experiments. 
Experi- I. He difTolved 215 grains of pure alum in distilled 

mentfhow- water, in a fmall cucurbit, and evaporated it over the 
ingthat an fire till the furface of the liquor flood at two marks, 
excefsof vi- wn ich indicated, in a former evaporation, that it was 
fit for cryftallization. 2. Having poured out this into 
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the cryftal- a P ro P er gbafs veSTel, he difTolved other 215 grains, 
lization of an d added to the folution 241 grains of concentrated 
alum. vitriolic acid. 5. This folution being likewife poured 

out, the experiment was repeated a third time, with 
the addition of 53 grains of vitriolic acid; and the 
glades being at laft fet in a proper place for cryftal- 
lization, the firlt yielded i$5|, the fecond 130, and the 
third iooi. grains of alum. 

This Ihows that an excefs of vitriolic acid impedes 

menttode- the cryftallization of the alum ; but to determine how 

•ermmethe f ar t hi s could be remedied by the addition of clay, far- 

r A H" t ^ er ex P er i ments were neceifary. Having therefore 

claytolhe employed a niagiftral reSiduum, in which the excefs 
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of acid was nearly in the proportion already related, 
he added two drachms of clay in fine powder to a 
kanne, or Swedifh cantharus, of the liquor : he boil- 
ed the mixture for ten minutes ; and on feparating 
the clay that remained, he found that 25; grains were 
dill'olved, which indicates an iucreafe of 141 grains of 
alum. On gently boiling the liquor for half an hour, 
75 grains of the clay were difTolved, which indicated 
an increafe of 416 grains of alum. 

The addition of clay muft therefore be much pre- 
gesofufing ferable to that of alkaline fults, not only as the former 
clay rather produces a coniiderable increafe of alum, but alfo as 
* there is no danger of adding too much ; for we have 
already mown, that when the liquor is entirely de- 
prived of its fuperabundant acid, the neutrallized clay 
is infolublein water. The earth itfelf, however, dif- 
felvcs fo llowly, that there is not the LeaH danger of 
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the acid being overfaturatcd by fnnply boiling them 
together. 

Alum, as commonly made, though depurated by a 
fecond cryftallization, yet is almoft always found con- 
taminated by dephlogifticatcd vitriol ; whence it grows 
yellow, and depofits an ochre in folution when old. 
This is equally ufeful in fome arts with the pureft kind, 
and is even fo in dyeing where dark colours are re- 
quired ; but where the more lively colours are wanted, 
every thing vitriolic muft be avoided. This is done 
by the addition of pure clay, which precipitates the 
iron, and produces an alum entirely void of any nox- 
ious or heterogeneous matter. Nor is this contrary 
to the laws of chemical attraction ; for though iron is 
difTolved by a folution of alum, and the earthy bafe of 
alum precipitated, and though in a folution of vitriol 
and alum the white earth falls firft on an addition of 
alkali, and then the ochre ; this happens only in confe~ 
quence of employing phlogifticated or metallic iron, or 
fuch as is but very little dephlogiSticated ; for if the 
inflammable principle be any further diminished, the 
attraction is thereby fo much weakened, that the 
clay has a greater attraction for the vitriolic acid than 
the iron. The truth of this may be proved in many 
different ways. Thus, let a portion of alum be dif- 
folved in a folution of highly dephlogiiticated vitriol, 
and an alkali then added, the ochre of the vitriol will- 
be firft depofited and then the clay : and provided 
there be a fufficient quantity of the latter, the iron 
will all be precipitated ; and hence we fee that an alu- 
minous folution mixed only with one of dephlogiStica.- 
cated vitriol may readily be freed from it 

But a folution of alum containing perfect vi- 
triol cannot be freed from it effectually either by 
clay or alkali ; for the former effects no decompo- 
fition, and the latter, although it can deltroy the vi- 
triol, will undoubtedly decompofe the alum in the 
firft place. As long, therefore, as the folution is rich 
in alum, in may be employed in the common manner ; 
but when the vitriolic fait begins to predominate, it 
muft either be cryftallized in its proper form, or be 
deltroyed in fuch a manner as to produce alum, which 
may be accomplished in the following manner. Let 
the lixivium be reduced to a tenacious mafs with clay, 
and formed into cakes, which muft be expofed in an 
houfe to the open air. Thus the phlogiiton, which 
is powerfully attracted by the dephlogiiticated part of 
the atmofphere, by degrees feparates from the iron, 
while the clay is taken up by its Superior attraction 
for the acid. The calcination is accelerated by fire ; 
but it muft be cautioufly employed, left the acid Should 
be expelled. 

In the alum manufactories in Sweden, a conside- 
rable quantity of vitriolated magnelia, or Epfom fait, 
is mixed with the alum. Mr Bergman directs this to 
be feparated by means of an uncalcined calcareous 
earth, which entirely destroys both the alum and vi- 
triol ; falling down to the bottom with the acid in 
form of a felenitic matter. This muft be added to the 
boiling liquor gradually, left the effervefcence Should 
caufe the mafs to fwell and run over the top of the 
velTel. A jult proportion destroys both the alumi- 
nous and vitriolic fait, on being properly agitated and 
heated ; neither is there any danger of the Epfom 
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fait being decompofed in this procefs, the uncakir.ed 
earth being unable to feparate the magnefia from the 
acid. Were this method followed in t. h ma- 

• >, he is of opinion, that as much Epfom 
fait might be produced trom them as would iiipply the 
confumpi ot' nut kingdom. 

\\ • t,i the quantity of fupcrfluous acid 

found in ili* magillral lixivium, Mr Bergman informs 
at it amounted to live ounces in one kanne ; fo 
that in a linglc boiler there is nearly 250 lb. But vi- 
triol, when well dcphlogifticated, retains its acid fo 
loolely that it may caiily be leparated by fire. He has 
no doubt, therefore, that if the furface of fuch a lixi- 
vium were lirft increafed in order to let the phlogiiton 
ev.iporate, the liquor might afterwards be advanta- 
geoufly committed to diftillation for the fakt of its 
acid. 

From what has been above delivered the neceffity 
will be diffidently apparent of not continuing the 
coition even with pure clay to perfect faturation ot 
the liquor : and this is further confirmed by M. 
Bcauinc, who relates, that having boiled four ounces 
of earth of alum with two ounces of the fait, in a fuf- 
ficient quantity of water, the acid became faturatcd to 
fuch a degree with earth, that the liquor loft its alu- 
minous tafte entirely, and afliimed that of hard fpring 
water. After filtration and evaporation, only a few 
micaceous cryftals, very difficult of folution, were 

formed by letting the liquor ftand for fome months. 

Dr Sieffcrt informs us, that by boiling half an ounce 
of alum with half a drachm of flaked lime, cubical 
cryftals of alum may be obtained. 

V. With Magnefia. The earthy fubftance called mag- 
nt/ia alba is never found by Itfelf, and confequently this 
combination cannot originally take place by art. The 
vitriolic acid, however, is found combined with magne- 
fiain great plenty in the bitter liquor which remains af- 
ter the cryftallization of common (alt ; from whence the 
magneiia is procured by precipitating with a fixed alkali. 
If this liquor, which, when the common fait is extrac- 
ted, appears like clean oil of vitriol, is fet by for fome 
time in a leaden veffel, a large quantity of fait fhoots, 
very much rcfembling Glauber's fal mirabile. This 
fait is in many places fold inftead of the true Glauber's 
fait ; and is preferred to it, becaufe the true fal mi- 
rabile calcines in dry air, which the fpurious kind does 
not. If after the tirft cryftallization 6f the bittern, 
the remainder is gently evaporated farther, a frefh 
quantity of Glauber's fait will fhoot ; and if the liquor 
is then haltily evaporated, a fait will ftill be cryftal- 
lized ; but inftead of large regular cryftals, it will 
concrete into very fmall encs, having fomcthing of 
the appearance of fnow when taken out of the liquid. 
Thefe (alts are ellentially the fame, and are all nfed 
• 11 medicine as purgatives. The fa: t lhot into fmall 
cryftals is termed Epfom fait, from its being firft pro- 
duced from the purging waters at Epfom in England. 
The bittern affording this kind of fait in fuch great 
plenty, thefc waters were foon neglected, as they 
yielded it but very fparingly, and the quantity pre- 
pared from them was infufficient for the demand. 
\\\v\ fays, that having infpifJated ico quarts of 
rer, he fcarce obtained half an ounce of fa- 



line matter.— According to Mr Selieclt's expr riments, 
if a folution of Epfom and common fait be mixed to- 
gether, a double decompolition enfues, and the mix- 
ture contains Glauber's fait and a combination of mag- 
nefiawith marine acid. From this lixivium the Glau- 
ber's fait may be cryftallizcd in winter, but not in 
fummer ; a great degree of cold being ncccllary lor 
this purpofe. From twelve pounds of Epfom lalt and 
fix of common fait, Mr Scheele obtained, in a tempera- 
ture three degrees below the freezing point, Jix pounds 
of Glauber fait; but in a degree of cold conlidcrably 
greater, the produce was feycu pounds and three 
quarters. 

VI. With Silver. Oil of vitriol boiled on half its 
weight of filver-filings, corrodes them into a falincmafs. 
This fubftance is not ufed in medicine nor in the arts. 
The only remarkable property of it is, that it has a very 
ftrong attraction for mercury; coagulating and hard- 
ening as much quickfilver as the acid weighed at firft. 
If the hard concrete be diluted with frclh acid, it 
melts ealily in the fire, and does not part with the 
mercury in the greateft heat that glafs veftels can fuf- 
tain. The vitriolic acid, by itfelf, ftrongly retains 
mercury, but not near fo much as when combined 
with filver. 

Silver thus corroded by the vitriolic acid, or preci- 
pitated by it from the nitrous, may in great part be 
difl'olved, by cautioufly applying a very little water at 
a time ; and more effectually by boiling in frefh oil of 
vitriol. 

VII. With Copper. With this metal the vitriolic acid 
cannot be combined, unlcfs in its concentrated ftate, 
and ftrongly heated. If pure oil of vitriol is boiled on 
copper filings, or fmall pieces of the metal, it diffolvcs 
it into a liquor of a deep blue colour, which eafily 
cryftallizes. The cryftals are of a beautiful blue co- 
lour, and are fold under the name of blue vitriol, or Ro- 
7>ia?i vitriol. 

Where fulphur is found in great plenty, however, 
Roman vitriol is made by ftratifying thin plates of cop- 
per with fulphur; and upon (lowly burning the fulphur, 
its acid corrodes the copper. The metal is then to be 
boiled in water, that the faline part may be diffolved. 
The operation is to be repeated till all the copper is 
confumed ; and all the faline liquors are to be evapo- 
rated together to the cryftallizing point. By this 
method, however, a great part of the acid is loft ; and 
in Britain, where the fulphur muft be imported, we 
mould think the pure acid preferable for thofe who 
prepare blue vitriol. 

This fait, on being expofed to the fire, firft turns 
white, then of a yellowifh red colour. On urging it 
with a ftrOng fire, the acid (lowly exhales, and a dark 
red calx of copper remains. The whole of the vi- 
triolic acid cannot be expelled from copper by heat : 
as much of it ftill remains as to render a part of the 
metal foluble in water. After this foluble part has 
been extracted, a little acid is ftill retained amounting 
to about T ' ? of the calx. 

Vitriol of copper is employed in medicine as a cau- 
ftic, in which refpect it is very ufeful ; but when Ufed 
internally, is dangerous, as indeed all the preparations 
of copper are fonnd to be. It has, nevcrthelcfs, ac- 
cording 
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cording to Neumann, been recommended In all kinds 
of intcrmittents, and the lepra. The fmalleft por- 
tion, he fays, occafions a ficknefs and naufea; a fome- 
what larger, reaching and violent vomitings, accom- 
panied often with convnlfions. If the quantity taken 
has been confiderable, and is not foon difcharged by 
vomiting, the ftomach and inteflines are corroded, in- 
tenfe pains, inflammations, and death, fuccecd. 

VIII. With Iron. The vitriolic acid does not act up- 
on this metal till conliderably diluted. Common oil of 
vitriol requires to be mixed with ten or twelve times its 
quantity of water before it will act brifkly on the me- 
tal. In this flate it effervefces violently with iron fi- 
lings, or finall bits of the metal, and a great quantity 
of inflammable vapour is difcharged (fee Air). The 
liquor affumes a fine green colour; and by evaporation 
and flow coolings, very beautiful rhomboidal cryftals 
Salt of Steel are formed. Thefe are named fait of /fee/, and are 
ufed in medicine; but for the fait made of the pure 
acid and iron, the common copperas, made with the 
impure acid extracted from pymes, is commonly fub- 
flitnted. This is generally efteemed a venial fraud, 
and no doubt is fo in medicinal refpects; but when 
it is confidered, that, by this fubftitution, common 
copperas is impofed on the ignorant, at the price 
of 2 s per pound, the affair appears in a different light. 
Pure vitriol of iron is originally of a much more 
lion of iron beautiful appearance than common copperas, and re- 
from the tains its colour much better; the reafon of which 
is, that the fait thus prepared has more phlogifton 
than the copperas. If either of the kinds, however, 
are expofed to the air for a fufficient length of time, 
part of the acid is diifipated, and the vitriol becomes 
yellowilh or brownifh. If the fait is now diflblved in 
water, a brown precipitate falls, which is part of the 
iron in a calcined ftate. If the liquor is feparated 
from this precipitate by filtration, a limilar one forms 
in a fhort time, and by long Handing a confiderable 
quantity fubfides. According to Dr Lewis, the pre- 
cipitation is greatly expedited by a boiling heat; by 
which more of the metal feparates in a few minutes 
than by Handing without heat for a twelvemonth. This 
change takes place in no other metallic folutions. 
The calx of iron, precipitated by quicklime from 
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green vitriol, appears, when dry of a yellow colour ; 
and it is recommended in the Swedifh tran factions, in- 
ftead of yellow ochre, as a colour for houfe-painting. 
Solutions of green vitriol are alfo recommended for 
preferving wood, particularly the wheels of carriages, 
from decay. When all the pieces are fit for being 
joined together, they are directed to be boiled in a 
folution of vitriol for three or four hours; and then 
kept in a warm place for fome days to dry. By this 
preparation, it is faid, wood becomes fo hard, that 
moifture cannot penetrate it; and that iron nails are 
not fo apt to ruft in this vitriolated wood as might be 
expected, but la ft as long as the wood itfelf. 

IX. With Tin. This metal cannot be diflblved in the 
vitriolic acid, but in the fame manner as filver ; namely, 
by boiling concentrated oil of vitriol to drynefs upon 
filings of the metal. The faline mafs m3y then be 
diflblved in water, and the folution will cryftallize. 
The fait, however, formed by this union, is not ap- 
plied to any ufeful purpofe. A fait of tin, indeed, 



formed by the union of vitriolic acid with this metal, Vitriolic 
has been recommended for fome. medical purpofes, and fScidtod 
procefles are given for it in the dlfpenfatories ; but ,ts i coniDl * 
they have never come much into praclicc. na ions. ^ 

X. With Lead. While lead is in its metallic flate, 701 
the vitriolic acid acts very little upon it, either in a di- Lead, 
luted or concentrated ftate j but if the metal is dif- 
folved in any other acid, and oil of vitriol added, a 
precipitation immediately enfues, which is occafioned. 
by the combination of vitriolic acid with the lead. 
This precipitate will be more or lefs white as the 
metal is more or lefs deprived of its phlogifton by „ .- 
calcination before folution. If a little ftrong fpirit of Abeamifs! 
nitre is poured upon litharge, which is lead calcined to white ce- 
the greateft degree poflible without vitrification, the l° ur « 
acid unites itfelf to the metal with confiderable ef- 
fervefcence and hear. Some water being now poured 
on, and the phial containing the mixture fhaken, a 
turbid foliuioH of the litharge is made. If a little oil 
of vitriol is then added, it throws down a beautifully 
white precipitate ; and the acid of nitre, being left at 
liberty to act upon the remaining part of the litharge, 
begins anew to diflblve it with effervefcence. When 
it is again faturated, more oil of vitriol is to be drop- 
ed in, and a white precipitate is again thrown down. 
If any of the litharge is ftill undiflblved, the nitrous 
acid, being fet at liberty a fecond time, attacks it as 
atfirft; and by continuing to add oil of vitriol, the 
whole of the litharge may be converted into a nioft 
beautiful and durable white. Unfortunately this co- 
lour cannot be ufed in oil, though in water it feems 
fuperior to any. If the procefs is well managed, 
an ounce of fpirit of nitre may be made to conyert 
feveral pounds of litharge into a white of this kind. 

XI. With Quickfilver. The diflblution of quickfilver Qui-kfil- 
in vitriolic acid cannot be performed but by a concen- ver." 
trated oil and ftrong boiling heat. The metal is firft 
corroded into a white calx, which may afterwards be 
ealily diflblved by an addition of frefh acid. Every 
time it is diflblved, the mercury becomes more and 
more fixed and more difficult to dry. If the exficca- 
tion and diflblution has been repeated feveral times, 
the matter becomes at laft fo fixed as to bear a degree 
of red heat. This combination is the bafis of a medi. 
cine formerly of fome repute, under the name of tur- 
bith mineral. The procefs for making turbith mineral 
is given by the author of the Chemical Dictionary as 
follows . 

"Some mercury is poured into a glafs retort, and Turbith 
upon it an equal quantity of concentrated oil of vitriol, mineral, 
or more, according to the ftrength of the acid. Thefc 
matters are to be diflilled together, in the heat of a 
fand-bath, till nothing remains in the retort but a dry 
faline mafs, which is a combination of the vitriolic acid 
and mercury. The acid which pafles into the re- 
ceiver is very fuffocating and ful phureoiis ; which qua- 
lities it receives from the phlogifton of the mercury. 
The white faline mafs which is left at the bottom of 
the retort is to be put into a Urge veflel ; and upon 
it are to be poured large quantities of hot water at 
feveral different times. The water weakens the acid, 
and takes it from the mercury; which is then pre- 
cipitated towards the bottom of the veflel, in form 
of a very fhining yellow powder. The water with 
N wfaic* 



9* 



CHEMISTRY. 



Pracft k <. i 



which it is wafhcd contains the acid that was united 
mercuryj and likewifc a link mercury rcu- 
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"" dered foluble by means of the very lanie quantity of 

^ ■ 

\ chemifts have bcl cvr>', thai a portion of vi- 
triolic acid remains united with the tnrbith mineral, 
only too little to render it foluble in water. But Mr 
:11c, having examined this matter, affirms, that 
turbith mineral contains no acid, when 11 has been 
fufficicntly waflicd , and that, by frequently boiling 
this preparation in a large quantity of distilled water, 
;c6 not a veltige of acid will adhere to it." 

m '- l)r Lewis, who is of opinion that the whole of this 
" Ils - mercurial calx is foluble in a very large quantity of 
water, dclires the water with which it is waShed to 
be impregnated with fome alkaline fait ; which makes 
the yield of turbith greater than when pure water is 
ufed. The author of the Chemical Dictionary alfo 
obfervrs, thdt the precipitate remains white till well 
freed from the acid ; and the more perfectly it is 
walhed, the deeper yellow colour it acquires. 

XII. IV.th Ziijc. This femimetal is not ae'tcd upon 
by the variolic acid in its concentrated ft ate ; but, when 
diluted, is diflblved by it with cfKrvcfccnce, and with 
the extrication of an inflammable vapour in the fame 
manner as iron. N-omann obfirves, that, during the 
difTolution, agrty and blackish fp^ngy matter fell to 
the bottom, bur, on Handing lor Some days, was ta- 
ken up, a 11 J diflblved in the liquor, nothing being left 
bat a little ycllowiflj dufi fcarct ly worth mentioning. 
Six pans of oil of vitriol, diluted with an equal quan- 
tity of water, diffolves one pan ot zinc. 

The product of this combination is white vitriol ; 
which is ufed in medicine as an ophthalmic, and in 
painting tor making oil-colours dry quickly : what is 
ufed for this purpole, however, is not made in Bri- 
tain, but comes from Germany. It is made at Gollar 
by the following procefs. An ore containing lead 
and iilver, having been previoully roaflcd for the ob- 
taining of fuphur (fee METALLURGY), is lixivia- 
ted with water, and afterwards evaporated in leaden 
boilers, as for the preparation of green vitriol : but 
here a regular cryStalliz<::ion is prevented ; for when 
the filt basafliimed any kind of crystalline form, thefe 
cryftals are made to undergo the watery fnlion in 
copper caldrons. It is then kep- constantly Stirring 
till a confiderable part of the moifture is evaporated, 
and tiie matter has acquired the confidence of fine fu- 
gar. White vitriol generally contains fome ferrugi- 
nous matter, from which it may be entirely freed by 
fome frefh zinc; for this femimetal precipitates from 
the vitriolic acid all other metallic fubftanccs; but not- 
withstanding this Strong attraction, the vitriolic acid is 
more eafily expelled by distillation from white than 
jreen or blue vitriol. Towards the end of the di- 
lill.uion of white vitriol, the acid arifes exceedingly 
■concentrated, though fnlphureous : fo that, if mixed 
with common oil of vitriol, it will feat it almoft as 
-^ much as oil of vitriol heats water. 
Regulu* pf XIII. With Regutui *f Antimony. To combine vitriolic 
antimony, acid with regulns of antimony, the fame method muft be 
nfcd as directed for uniting it with quickfilver, for 
/■*- malting tnrbith mineral, viz. to employ a very con- 
centrated acid, and todiilil in clofc vefiels. The fa tic 
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phenomena alfo occur in this cafe as in making tnr- Vitriolic 
bith mineral ; a very fuffocating Sulphureous acid arifes; atld *"' 
and as Mr Geolfroy obferves, a true fulphur fublimes ltl 

, iri i- • . nations. 

into the neck oS the retort; l white, faltne, nimriwil, . 
mafs remains in the vtliel ; and when the vellels arc 
unlutcd, a white fume ilf.ies, as in the Smoking Spirit 
of libavius. See Combination* of marine acid -with tin, 
infra. 7IO 

XIV. With Regulus of Cobalt. From a combination of Regulns of 
the vitriolic acid with cobalt, a red fait may be obtained, cobalt. 
To procure it, one part oS cobalt, reduced to a very 

fine powder, may be mixed with two or three of con- 
centrated acid, diluting the liquor after it has been 
digefted for 24 hours, and then filtering and evapora- 
ting it. 711 

XV. With arfsnic. Neumann relates, that powdered Arfcnic. 
white arfenicbcmgdiStilled in a retort withoil of vitriol, 

a tranlpartnt i'ub.iinate like glafsarofe, which in a few 
days loll its tranfparency, and became opaque like the 
arfcnic itfelf. The arfcnic remaining in the retort 
fuftained an open fire without any fcnfiblc alteration. 
The author of the Chemical Dictionary fays, that if a 
concentrated vitriolic acid is distilled from arfcnic, the 
acid which comes over fmells ix.idly like marine acid. 
When the Solution is diftilied till no more acid arifes, 
the retort is then almoSl red hot, and no arfcnic is fub- 
limed ; but remains futed at the bottom of the re- 
tort ; and, wlen cold, ts found to be an heavy, com- 
pact mafs, brittle and tranfparent as cryfhil-glais. This 
kind of aiicnical glafs, cxpoled to the cir, foon lofes 
iis tranfparency from the moifture it attracts, which 
dillolves and partly deliquiates it. This deliquium is 
extremely acid — By digesting one part of arfenic with 
two of concentrated oil of vitriol, diluting the folution 
with water, and then filtering and evaporating, we ob- 
tain a yellowiSh fait which Shouts into pyramidal, tran- 
fparent, and (hining cryftals. None oS the three laft 
mentioned combinations have been Sound applicable to 
any ufeful purpole. 

XVI. With Oil. The product of this combination is a 
thick black fubltancc, very much refembiing balfam of 
Sulphur in colour and conliStence ; to which it is fome- 
times fubSliiuted. If this fubflance is diftilied with a 
gentle heat, great part of the acid becomes volatile, 
and evaporates in white fumes, having a pingent fmell 
refembiing that of burning fulphur. This goes by the 
name of volatile or fit phureous vitriolic acid; and a fait Volatile 
was formerly prepared from it by faturation with fixed fulphure- 
alkali, which was thought to pofTefs great virtues. From 0JH acic1, 
its inventor it was called the fulphur eons fait of Stahl. 

The molt lingular property of this volatile acid is, 
that though the vitriol c in its fixed State is capable of 
expelling any other acid from its baiis, the volatile 
one is expelled by every acid, even that of vinegar. 
It is very difficultly conder.Slble, as we have already 
taken notice; and, when mixed with waier, teems 
fcarccly at all acid, but rather to have a bitwrifh tafte. 
Several methods have been propofed for procuring 
this acid from burning fulphur, which yields it in its 
greatett degree ©f volaility, as wtll as concentration ; 
but the produce is fo exceedingly fmall, that none of 714 
them are worth mentioning. Dr Priefthy has given How pro- 
very good directions for obtaining ihc volatile vitriolic cured b > 
acid in the form of air. His method was, to pour, on £ r Prw *" 
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fome oil of vitriol contained in a phial, a very fm all 
quantity of oil olive ; as much as was fufficient to co- 
ver it. He then applied the proper apparatus for the re- 
ception of air in quickfilver (fee Air); and, holding 
a candle to the phial, the volatile vitriolic acid rulhed 
oat in great quantity. Had he received this air in wa- 
ter, inftcad of quickfilver, the confequence would have 
been, that fome part of it, at lcaft, would have been 
abforbed by the water, and a fulphureous acid liquor 
produced. This feems indeed almoil the only method 
of procuring the fulphureous vitriolic acid of any to- 
lerable ftrength ; but it is never required in the form 
of a liquor, except for experimental purpofes. The 
only ufeful property hitherto difcovered about this kind 
of acid is, that it is remarkably deltructive of colours 
of all kinds ; and hence the fumes of fulphur are em- 
ployed to whiten wool, &c. 

XVII. With Phlogifton of charcoal. If charcoal is 
mixed with concentrated vitriolic acid, and the mixture 
difiilled, the fame kind of acid is at firfl obtained, which 
comes over when oil is ufed ; and towards the end, 
when the matter begins to grow dry, a true fulphur fub- 
limes. The bed way, however, of producing fulphur 
from the vitriolic acid is by combining it, when in a 
perfectly dry (late, with the phlogifton. By this means 
fulphur may very readily be made at any time. The 
procefs is generally directed to be performed in the 
following manner. 

Reduce to fine powder any quantity of vitriolated 
tartar. Mingle it carefully with a 16th part of its 
weight of charcoal-duft. Put the whole into a covered 
crucible fet in a melting furnace. Give a heat fuffi- 
cient to melt the fait ; and when thoroughly melted, 
pour it out on a flat (tone. The vitriolated tartar and 
charcoal will now be converted into a fulphureous 
tnafs, fimilar to a combination of alkaline falts with 
fulphur. See Alkaline Salts, below. 

XVIII. With Spirit of wine. The refult of this com- 
bination is one of the moft extraordinary phenomena in 
chemiftry ; being that fluid, which, for its extreme de- 
gree of volatility, was firfl diftinguiihed by the name of 
ether : and now, fince a liquor of the like kind is dif- 
covered to be preparable from fpirit of wine by means 
of other acids, this fpecies is diftinguiihed by the name 
of vitriolic ether. The method of preparing this fubtle 
liquor recommended by M. Beaume, fcems to be the 
beft of any hitherto difcovered. 

Mix together equal parts by weight, of highly rec- 
tified fpirit of wine and concentrated oil of vitriol, or 
fomewhat more than two meafures of fpirit of wine with 
one of the acid. The mixture is to be made in a flint 
glafs retort, the bottom and fides of which are very 
thin, that it may not break from the heat which is 
fuddenly generated by the union of thefe two fubflan- 
ces. The fpirit of wine is firfl put into the retort, 
and then the acid is poured in by a glafs-funnel, fo that 
the flream may be directed againfl the fide of the glafs; 
in which cafe it will not exert much of its force on 
the fpirit, but will lie quietly below at the bottom. 
The retort is now to be very gently fhaken, that the 
acid may mingle with it by little and little. When 
the mixture is completed, very little more heat will be 
necefTary to make the liquor boil. 

This mixture is to be difiilled with as brifk and 
•rnick a heat as poffiblc; for which reafon, immediately 



after the acid and fpirit are mixed, the retort mould Vitriolic 
be put into a fand furnace heated as much as the mix- ac 
ture is. The diftillation fiiould be continued only till 
about one-third of the liquor is come over ; if it is 
continued farther, part of the vitriolic acid rifes in a 
fulphureous ftate. In the retort a thick, black, acid 
matter remains, which is fimilar to a combination of 
oil of vitriol with any inflammable matter, and from 
which a little fulphur may be obtained. Along with 
the fulphureous acid, a greenifh oil, called oleum vitri- 
oli dulcis, arifes, which has a fmell compounded of 
that of the ether and fulphureous acid : and Mr Beaume 
has fhown that it is compounded of thefe two ; for if 
it is rectified with an alkali, to attract the acid, it is 
changed into ether. If, after the diftillation of the 
ether, fome water be poured into the retort, the liquor 
by diltillaticn may be brought back to the fiate of a 
pure vitriolic acid. 

As the fleams of the ethereal liquor are exceedingly 
volatile, and at the fame time a quick fire is necefTary 
to the fuccefs of the operation, the receiver mufl be 
carefully kept cool with very cold water or with 
fnow. Care mufl alfo be taken to prevent any of 
the fulphureous acid fleams from coming over; but as 
it is impoffible to prevent this totally, the liquor re- 
quires rectification. This is the more necefTary, as a 
part of the fpirit of wine always rifes unchanged. 
From this acid the liquor is eafily fet free, by adding 
a fmall quantity of alkaline fait, and re-diflilling with 
a very gentle heat ; but as fpirit of wine is likewife 
very volatile, the diftillation mufl be performed in a 
very tall glafs. Dr Black recommends a matrafs, 01* 
bolt-head, with a tin-pipe adapted to the head, fo as 
to convey the fleams at a right angle, to be conden- 
fed in the receiver. When this fluid is to be prepa- 
red in great quantities, the etheu, by proper manage- 
ment, may be made to equal half the weight of the 
fpirit of wine employed. Mr Dollfufs has made many 
important experiments on this fnbject ; of which the 
following is an abflract : 1. Two pounds of vitriolic 
acid were mixed with as much of fpirit of wine, and 
the mixture difiilled with a very gentle fire. The firfl 
ten ounces that came over confifted of a liquor ftrong- 
ly impregnated with ether, and of an agreeable odoun 
This was put by itfelf and marked A. It was followed 
by a flronger ethereal liquor, of which a fmall quantity 
only would mix with water. Of this there were 
12 ounces, which were alfo put by themfclves, and 
marked B. By continuing the procefs two ounces 
more were obtained, which fmelled of fulphur, and 
were marked C. The diftillation was now continued 
with a view to concentrate the vitriolic acid, whert 
three drachms of a thicker kind of ether were found 
fwimming on a weak fulphureous acid. This thick 
liquid was not in the leaft volatile, and in confiftence 
refembled an exprefled oil. 2. Twenty-four ounces 
of fpirit of wine were now added to the refiduum of the 
former difiillation, and the procefs recommenced. The 
firft feven ounces that came over were poured to the 
dulcified fpirit marked A. Next pafled over ten oun- 
ces of a tolerably pure ether, which was mixed with the 
contents of B; beiides two ounces that had a fulphu* 
reous fmell, which were mixed with C. By a repeat- 
ed dephlegmaiion of what remained in the retort were 
obtained five ounces of a weak fulphureous acid ; and 
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iced B; a:. itt another ounce marked 

t . I nig the diflillation four ounces of weak 

rcous acid were obtained, on which floated a 
li'.tlc oil of wine. 3. The remainder, which was very 
, and covered with a flight pellicle, was mixed 
With 20 ounces of fplrit of wine, and yielded Ave oun- 
ces of dulcified fpirit marked A ; eight ounces of pure 
ttlicr marked B ■, and at la (1 one ounce of the fame, 
which had rather .1 fulphoreoos fmell. This was fol- 
.1 by a few drops of acid ; but the remainder fro- 
thed up with fuch violence, that an end was put to the 
operation, in order to prevent its palling over into the 
receiver. 

By thefe four diflillations there were obtained from 
fix pounds of fpirit of wine and two of oil of vitriol, 
28 ounces of dulcified fpiril of vitriol and 38 of ether ; 
which lafl, when rectified by diflillation over manga- 
ncfe, yielded 28 ounces of the belt ether. At the end 
of this diflillation were produced 13 ounces of weak 
acetous acid ; ami the liquor of the lafl running marked 
C, afforded, by rectification, four ounces of good ether. 
The fjlpliurcous acid liquor yielded four ounces of 
Weak acetous acid, and three drachms of naphtha 
refembling a diflilled oil in confluence. 

By thefe proceflcs the vitriolic acid was rendered 
quite thick and black ; its weight being reduced to 24 
ounces. The blacknefs was found to be owing to a 
powder which floated in the liquid, and could neither 
he feparated by fubitding to the bottom nor riling to 
the top. The liquor was therefore diluted with eight 
ounces of water, and filtered through powdered glals ; 
by which means the black fibflance was collected, 
partly in powder, and partly in grains of different 
lizes. It felt very foft between the fingers, and left a 
fl.iin upon paper like Indian ink -, but though waflied 
with 24 ounces of water, flill rafted acid. Half an 
ounce of it diftilled in a retort yielded a drachm and 
an half of weak acetous mixed with a little fulphurcous 
acid ; the reflduum was a black coal, which by calci- 
nation in an open Are for a quarter of an hour, yielded 
25 grains of white aOies, conlifting of fclenite, calcare- 
ous earth, and magncfla. A dr.ichm of it digefted 
with nitrons acid, which was afterwards diftilled from 
it, and then diluted with diftilled water and filtered, 
yielded a few cryftals, whicli appeared to be genuine 
fait of tartar, an infoluble fclenite being left behind. 
On rectifying the vitriolic acid freed from the black 
matter and diluted with eight ounces of water, nine 
ounces of fulphurcous acid were firft obtained, after 
which followed an ounce of acid rather high-coloured, 
and then the vitriolic acid quite colourlefs. It now 
weighed only 19J ounces, and its fpecific gravity was 
but 1.72^, while that of the acid originally employed 
had been 1.989. 

On repeating the procefs with fix pounds of fpirit 
of wine to two of oil of vitriol, the firft 12 ounces 
that came over were fpirit of wine almoft totally un- 
changed ; then two ounces fmelling a little of ether ; 
and afterwards two pounds, of which about one-third 
were ether. When about five pounds had been drawn 
off, the diftilling liquor began to fmell fulphureous ; 
and after nine ounces more had been drawn off, the 



frothing up of the matter in the retort obliged him to vitriolic 
put an end to tiie operation. The acid was then - uul aml ,u 
filtered through pounded glals as before, and after- c . ot1 *^ n 
wards committed to diflillation. The three firft > * "^ 
ounces were a weak fulphurcous acid ; then followed 
.nee more concentrated, and of a red colour; 
then another of a yellowifl) caft ; after which the reft 
of the acid came over quite colourlefs. The whole 
weighed 27 ounces, and the fpecific gravity of it com- 
pared with diftilled water was as 1.667 to 1. ceo. 7 i<j 

Ether is the lighteft of all knows fluids, except PropertiM 
air ; and is fo volatile, that /';; vacua its boiling point is°f ether. 
20° below o° of Fahrenheit's thermometer. If a fmall 
quantity is poured out on the ground, it inftantly eva- 
porates, diffufing its fragrance all through the room, 
and fcarce perceptibly moiftening the place on which 
it fell. It difficultly mixes with water, as being of 
an oily nature : ten parts of water, however, will take 
up one part of ether. Its great volatility renders it 
ferviceable in nervous difeafes, and removing pains, 
when rubbed on with the hand, and kept from evapo- 
rating immediately. By fpontaneous evaporation, it 
produces a great degree of cold. (See Evaporation 
and Congelation). The moft extraordinary pro- 
perty, however, is, that if gold is diflblvcd in aqua- 
regia) fee Metallic Sub Jtanccs, below), and ether add- 
ed to the folution, the gold will leave the acid and 
permanently unite with the ether. The exceeding 
great volatility of ether renders it very caflly inflam- 
mable even on the approach of flame ; and therefore 
it ought never to be diftilled, or even poured from 
one veflel to another, by candle-light. If a lefs quan- 
tity of the vitriolic acid is added to the fpirit of wine 
than what is fuflicient to produce ether, the product 
is C3lledy^////,vj vitrioli dulcis. The following experi- 
ment made by Wallerius, induced him and others to 
think, that the vitriolic acid was convertible into the 

nitrous. „„,, 

720 

" Some fait of tartar (fays lie) being mixed with Experiment 
the dulcified fpirit of vitriol, or perhaps with the in favour of 
ether (for the author exprefles himfelf a Utile ambi- the tranf- 
guoufly), the full bottle flopt with a cork, tied over r " ut . atlon . of 
with bladder, and laid on its fide ; on (landing for four vltr, . ollc ,n " 
months, the greateft part of the fpirit was found to a °jj' r °* 
have efcaped, and the fait was {hot into hrxangular 
prifmatic cryftals refembling nitre. It tafted ftrongly 
of the fpirit, but had no other particular tafte. Laid 
on a burning coal, it crackled, exploded with a bright 
flalh, and flew into the air. Kc afterwards found, 
that by adding to the fpirit a drop or two of any acid, 
the fait cryftalliz.es the fooner ; that in this cafe it has 
a fourifh tafte, but in other refpecls is the fame with 
that made without acid. This falt-petre (fays the au- 
thor) promifes, from the violence of its explofion, to 
make the ftrongeft gun-powder in the world, but a 
very dear one. Though the experiment ftiould not 
be applicable to any ufe in this way, it will probably 
contribute to illuftratc the generation of nitre: as it 
palpably fliows nitre, that is, the acid or characf eriftic 
part of nitre, produced from the vitriolic acid and 
phlogifton. 72I 

"Wecannot here help again regretting that chemifls Notconclu- 
of fuperior abilities fhould fometimts leave very import- five, 
ant difcoveries only half finiflicd, fo that chemifls of 
an inferior rank know not what to make of them. Had 

"Wallerius, 
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Wallerius, who fcems more than once to have been in 
pofTcilion of this fair, only pjiyed on it a few drops of 
oi! of vitriol, the peculiar colour and fmell of its fumes 
muft have been a much more convincing proof of the 
reality of the tranfmutation than that of mere defla- 
gration ; becaufe the latter can be otherwife accounted 
for. 

It is certain, that many fuftances, water itfelf not 
excepted, will explode with great violence if fuddenly 
heated beyond what they are able to bear. If fpirit 
of wine is confined in a clofe veflel, it will alfo by 
means of heat burft it as effectually as water; and as 
the vapours of this fubftance are inflammable, the ex- 
plofion will be attended with a flafh if any flame is 
near. In like manner ether, on the approach of a 
candle, takes fire, and goes off in a flalh like lightning ; 
but this happens, not from any thing nitrous, but from 
its great volatility and inflammability. If therefore the 
vapours of the ethereal liquors are confined, and heat 
is applied fuddenly to the containing veflel, their great 
volatility will caufe them make an inllantaneous effort 
againft the iides of it, which increafing with a fwift- 
nel's far beyond that of aqueous or fpirituous vapours, 
will make a much quicker as well as a much ftronger 
explofion than either of them ; and if a flaming fub- 
ftance is near, the explofion will be attended with a 
bright flalh like that of the ether itfelf. 

In the experiment now before us, the fait tailed 
ftrongly of the fpirit, or ether, from which it was 
made. The fpirit was therefore confined in the cry- 
ftals of fait ; and this volatile liquor, which, even under 
the preffjre of the atmofphere, boils with the heat of 
ioo° of Fahrenheit, was, in a confined ftate, fubjectcd 
to the heat of a burning coal ; that is, to more than 
ten times the degree of hear necelfary to convert it 
into vapour. The confequence of this could be no 
other, than that the particles of fait, or perhaps the 
air itfelf, not being capable of giving way ibon enough 
to the forcible expanfion of the ether, a violent ex- 
plofion would happpen, and the fait be thrown about ; 
which accordingly came to pafs, and might very reafon- 
ably be expected, without any thing nitrous contained 
in the fait. 

Mr Cavallo defcribes an eafy and expeditious method 
of purifying ether, though a very expenfive one; as 
out of a pound of the common kind fcarce three or 
four ounces will remain of that which is purified. The 
method of purifying it, he fays, was communicated 
to him by Mr Winch chemift in London, and is to be 
performed in the following manner. " Fill about a 
quarter of a ftrong bottle with common ether, and 
pour upon it twice as much water ; then flop the 
bottle and give it a fluke, fo as to mix the ether for 
fome time with the water. This clone, keep the 
bottle for fomc time without motion, and the mouth 
of it downwards, till the ether be feparated from the 
water, and fwims above it ; which it will do in three 
ot four minutes. Then opening the bottle with the 
mouth ftill inverted, let the greateft part of the wirer 
run out very gently ; after this, turn the boule with 
the mouth upwards; pour more water upon the ether, 
fluking and feparating the water as before. Repeat 
this operation three or four times ; afier which the 
ether will be exceedingly pure, and capable of di(f>l 
ving elaftic gum ; though it could not do fo before." 
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As great part of the ether undoubtedly remains Nitrous 
mixed with the water after this procefs, our author acid and . 
remarks, that it might be worth while to put the wa- 
ter into a retort and diftil the ether from it, which 
will come fufficiently pure for common ufe. He ob- 
ferves alfo, that " it is commonly believad that water 
combines with the pureft part of the ether when the 
two fluids are kept togetiier ; though the contrary 
feems to be eftablilhed by this procefs. According 
to Mr Waftrumb, we may obtain from the reliduum 
of vitriolic ether a refin containing vitriolic acid, vine- 
gar, Glauber's fair, felenite, calcareous earth, fllex, 
iron, and phofphoric acid. 

§ 2. Of the Nitrous Acid and its Combinations. 

This acid is far from being fo plentiful as the vitri- 
olic. It has been thought to exifl in the air ; and the 
experiments of Mr Cavendilh have fhown, that it may 
be artificially compofed, by taking the electric fpark 
in a mixture of dephlogifticated and phlogiliicated air. 
See Aerology, n° 77. 714 

With regard to the preparation of nitre, Dr Black ob- Of the pi** 
ferves, that it is made in great plenty in the more fouth- P aratlon o£ 
ern parts of Europe; likewife in the fouthern parts of nitre ' 
Perfia, in China, the Eaft Indies, and in North Ame- 
rica. We have had no accounts of the manner in 
which it is prepared in the Eaft Indies, no perfon on the 
fpot having taken particular notice of the manufacture. 
The general account is, that it is obtained from the foil 
of certain diflricts which are called faltpetre grounds ; 
where the foil is very cold, barren, and unhealthy. 
The fait is there ready formed by nature. It is 
only neceflary to gather large quantities of the earth, 
and to put it into a cavity through which a great 
quantity of water is poured, which diflblves the nitre ; 
and the lixivium runs into an adjacent pit, out of 
which it is lifted in order to be evaporated and obtain- 
ed in the form of cryflals. This account, however, 
has been thought tin fat isfactory ; becaufe there is hard- 
ly any part of Europe in which it is found in this 725 
.manner. It is difcovered indeed in fome very large Difcovercd 
diflricts in Poland, particularly in Podolia, where the jn fom f 
country is flat and fertile, and had been once very po- £ , e ?. m . 

11. • r 1 r 1 , • Podolia in 

pnlous, but is now in a great mealure deferted. It is p i an( j- 
there obtained from tumuli or hillocks, which are the 
remains ot former habitations; but thefe are the only 
places in which it is found in any confiderable quan- 726 
tity. In Spain, it is faid that the inhabitants ex- In Spain 
tract it from the foil after a crop of corn. It has been and Amc * 
found in America in lime-ftone grounds, in the floors 
of pigeon-honfes, tobacco- houfes, or the ruins of old 
ftables, where a number of putrefying vegetables were 
once collected. In general, however, it is extracted, 
from artiriciil compounds or accidental mixtures, where 
animal and vegetable fubftances have been fully putre- 
fied by being txpofed to the air with any fpongy or 
loofe earth, cfpctially of the calcareous kind, and open 
to the north or north-eaft wind, and more or lefs co- 727 
vered from the heat or rains. This laft particular is Requifite» 
lutely neceflary to its formation in any quantity ; f° r > ts f° r ~ 
lie heat, by evaporating the moifture too much, matl0n - 
prevents it from ; » ing produced, and the rains wafli it c > 
after it is already made. Cramer, an author of artificial 5 
Phe greateft credit, informs us in his Docimaftics, that compoft 
he made a little hut expofed to the frefh air of the for making; 

coumry ; uitre » 
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country, wiih windows to admit the winds. In this 
he put a mixture of garden mold, the rulbuh of lime, 
and piurid animal and vegetable fubftances. This he 
frequently moirtcned with urine ; and in a month or 
two found his competition very rich in nitre, yielding 
at lea ft one-tight part of its weight. 

It is manufactured in Europe by making artificial 
compounds with lefs trouble. In Hanover it is got 
by collecting the rakings of the flreets ; which are built 
up into mud -walls that are allowed to remain a certain 
time, when the furface is found covered with a white 
faline efUorcfcence. A perlsn is employed to fcrapc 
this off; and putting it into a velfel, it is waflied with 
water to diilblvc the nitre, and the remaining earthy 
matter is again plaftered on the mud-walls, and frelh 
matter brought from the ftreets to renew them occa- 
fionally : and by this fimple method a contiderable 
quantity is obtained. In Germany the peafants arc 
directed by law to build mud- walls of this kind with 
the dung and urine of animals, and fome ftraw. After 
they have flood for fome time, and the vegetable and 
animal fubltances are rotten, they afford a confidcrable 
quantity of nitre. In France it is obtained from ac- 
cidental collections of this kind ; as where loofe earth 
has been long expofed to the contact of animal fub- 
ltances, as the ruins of old ftables, pigeon-houfes, &c. 
Sometimes from the mould upon the ground where 
dunghills have been lying. A particular let of people 
go about in fearch of thefe materials; and when, by 
making a fmall ellay, they find that they will turn to 
account, they put the materials into a large tub with 
a perforated bottom, and another which is water-proof 
put below it. Some ftraw is interpofed betwixt the 
two ; and on pouring water upon the materials, it 
foaks through them, undergoes a kind of filtration in 
palling through the ftraw, and is then drawn off' by a 
cock placed in the the under-tub, and boiled to a proper 
confidence for cryftallization. The cryftals arc at firlt 
brown and very impure, but by repeated di Ablution 
and cryftallization become pure and white. 

From thefe particulars relating to the hiftory of falt- 
petre, Dr Black concludes, that it is not properly a 
foflil, being produced at the furface of the ground. 
Margraaf difcovered a fmall quantity of it in the ana- 
lylis of fome of the waters about Berlin, and others have 
found it in the wells about fome great cities : but no 
true nitre has ever been found in fprings ; lb that this 
nitrous fait may be fuppofed to have derived its origin 
from the quantity of putrid matters with which ail 
cities abound. All rich and fertile foils are found to 
contain it ; and in the hot countries, where the pro- 
ducts of nature arc numerous, and putrefaction carried 
on very faft, they are often very rich in nitre. This 
may happen in fome places from the conflux of wa- 
ters; which remaining for fome time on the furface, 
and afterwards exhaling, left the faline panicles be- 
hind. 

On the whole, Dr Black concludes, that neither 
nitre nor its acid does exift in the air, becaufe it 
might eafily be detected there ; though many have 
embraced this opinion from its being ufually found at 
the furface of the ground. He is of opinion, that it 
is the effect of the laft ftagc of putrefaction of animal 
cgetable fubftances; and it is never to be found 
except where thefe or their effluvia arc prefent, and 



never till the putrefaction is complete. It has been a N Uiu w 
matter ofdifpute, whether it cxiltcd in thole mat ten ,l "' •"" , 
before the procefs of putrefaction, or was produced by lts rombt * 
it. But it is pretty certain, lays the Doctor, that ?'""'"*' . 
it originated in them ; for the fun-flower, tobacco, and 
other plants, are found to coin. .in it before putrefac- 
tion : and fome have even aflerted, that plants placed 
in the earth, deprived of all iis faline fubltances, will 
yield it. The compolitions recommended by Cramer 
are the fitted for producing a complete degree of pu- 
trefaction, provided they contain a moderate degree 
of humidity, and that the quantity expofed to the air 
be defended from too great a heat by the fun, which 
would dry up its moifture ; and likewife from too great 
a degree of cold, which likewife checks fermentation. 
The importance of the calcareous earth in fuch a com- 
pofition would likewife favour the conclufions juft now 
drawn ; for the moft remarkable effect of this earth is 
to promote and perfect the putrefaction of thefe fub- 
ftances. It would fcem, therefore, that the true fe- 
cret of the production of nitre is to mix properly to- 
gether animal and vegetable fubftances with earth, 
particularly of the calcareous kind ; expoling them to 
the air with a moderate degree of humidity, fufficienc 
to promote their putrefaction in the moft effectual 
manner ; and when the putrefaction is carried to the 
utmoft height, we may then expect that nitre will be 
produced. 734 

The diftinguifhing characterise of the nitrous acid DifHn- 
is its great difpofition to unite with the phlogifton ; guiding 
and, when fo united, firft to become exceedingly vo- fl\ ara< ? c ?* 
latile, and at laft to be diflipated in a very white bright L:^J^.-/ 
flame : this is called its detonation or deflagration. In c j,j # 
the ftrongeft ftate in which this acid is procurable in a 
liquid form, it is of a reddilh yellow colour, and con- 
tinually exhales in denfe, red, and very noxious fumes j 
and in this ftate is called fmoking, or, from its inventor, 
Glauber's, fpirit of nitre. 



I. To extract the Nitrous Acid by means of the 

Vitriolic. 
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Into a glafs retort put two pounds of good fait- Spirit of 
petre, and pour upon it 18 ounces of concentrated oil nitre, 
of vitriol ; fet the retort in a fand*heat, and lute on 
a large receiver with the composition already recom- 
mended, for refitting acid fumes; the mixture will grow 
very warm, and the retort and receiver will be filled 
with red vapours. A fmall fire is then to be kindled, 
and cautioully raifed till no more drops will fall from 
the nofe of the retort. What comes over will be a. 
very ftrong and fmoking fpirit of nitre. _,g 

In this procefs, the nitrous acid is generally mixed Re&ific** 
with part of the vitriolic which comes over along with tion.^ 
if, and from which it muft be freed if defigned for 
nice purpofes. This is moft effectually done by dif- 
iolving in it a fmall quantity of nitre, and rediftilling 
the mixture. The vitriolic acid which came over in 
the firft diftillation is kept beck by the nitre in the fe- 
cond, combining with its alkaline bafis, and expelling 
a proportionable quantity of the nitrous acid. .„. 

We have here directed the pure vitriolic acid to be Different 
ufed, in order to expel the nitrous one ; hut for this methods of 
purpofe any combination of the vitriolic acid with I d MMlliag i 
metallic or earthy bafis may be ufed, though not with 
equal advantage, if calcined vitriol is made ufc of, 

as 
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as much phlogifton is communicated by the calx of 
iron contained in that fait as makes the nitrous acid 
exceedingly volatile, fo that great part of it is loft. 
If calcined alum, or felenite, is made ufe of, the virio- 
lic acid in thefe fubftances immediately leaves the 
earth with which it was combined, in order to unite 
with the alkaline bafis of the nitre, and expels its 
acid : but the moment the nitrous acid is expelled from 
the alkali, it combines with the earth which the vitrio- 
lic acid had left ; from which it cannot be driven 
without a violent fire ; and part of it remains obfti- 
nately fixed, fo as not to be expelled by any degree 
of heat. Hence the produce of fpirit, when nitre is 
diftilled with fuch fubftances, always turns out confi- 
derably lefs than when the pure vitriolic acid is ufed. 
Alum is preferable to felenite, for the purpofes of 
diftilling fpirit of nitre ; becaufe the acid doesnotad- 
here fo ftrongly to argillaceous as to calcareous earth. 

According to Weigleb, the nitrous acid may be ex- 
pelled not on'y by clay, gypfum, and other fubftances 
containing the vitriolic acid, but even by various kinds 
•f vitrifiable earth. Clean pebbles, quartz in the form of 
faud, pieces of broken china and ftone ware, powdered 
glafs, ire mixed with nitre in the proportion of fix to 
one, always expel the acid, though imperfectly. In 
France the arid is always extracted by means of clay. 

The reafon of thefe decompolitions is, that the al- 
kaline bafis of the nitre attracts the filiceous earth, 
whofe fixednefs in a vehement fire gives it an advan- 
tage over the volatile nitrous acid, in the fame manner 
that the weak acid of phofphorus or arfenic will alfo 
expel it by reafon of rheir fixednefs in the fire. 

Even fpirit of fait, according to Margraaff's experi- 
ments, may be ufed for diftilling the fpirit of nitre. 
That celebrated chemift informs us, that on diftilling 
nitre with eight or nine times its quantity of ftrong 
marine acid, a fpirit comes over which confifts chiefly 
of the nitrous acid, but has alfo fome portion of that 
of fea fait. The reafon of this is fhown in Mr Kir- 
want's experiments on chemical attractions*. In the 
prefent cafe, however, the decompofition may be faci- 
litated by the ftrong attraction of the nitrous acid for 
phlogifton ; for it is well known, that on mixing the 
nitrous and marine acids together, the latter is always 
dephlogifticated. It feems therefore that in this cafe 
a double decompofition takes place, the nitrous acid 
uniting itfelf to the phlogifton of the marine, and the 
latter attaching itfelf to the alkali of the nitre. 

Spiritof nitre is very nfeful in the arts of dyeing and 
refining, where it is known by the name of aquafor- 
tis; and therefore an eafy and cheap method of pro- 
curing it is a valuable piece of knowledge. Many 
difficulties, however, occur in this procefs, as well as 
that for the vitriolic acid. Oil of vitiiol, indeed, al- 
ways expels the nitrous acid with certainty ; and on 
dift'Hing the mixture, a fpirit of nitre arifes ; but if a 
glafs retort is ufed for the purpofe of diftilling this a- 
cid, the quantity of refiduum left in diftillation is fo 
great, and fo infoluble in water, being no other than 
vitriolated tartar, that the retort muft always be broken 
in order to s;et it out ; and the produce of fpirit will 
fcarce afford the breaking a retort. If earthen re- 
torts are made ufe of, they muft certainly be of that 
kind called ftene-ware, and the price of them will be 
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very little if at all inferior to that of glafs. Iron pots Nitrous 
are faid to be made ufe of in the diftillation of common ?" d and . 
aquafortis in large quantities ; but they have the great lts f ombl " 
inconvenience of making a quantity of the acid fo vo- " . 

latiie, that it not only will not condenfe, but fpreads its 
fuffocating vapours all round in fuch a manner as to 
prove very dangerous to thofe who are near it. If an 
iron veffel, therefore, is thought of for the purpofe of 
diftilling aquafortis, it will be proper at leaft to at- 
tempt luting over the infide with a mixture of gyp- 
fcons earth and fand, to prevent as much as poffible 
the acid from attracting the metal. 

Dephlogifticated fpirit of nitre is obtained by diftil- 
ling the fmoking kind with a gentle heat, until what 
remains is as colourlefs as water. It is diftinguilhed 
by emitting white and not red fumes like the other 
kind, when fet in a warm place. It muft be kept 
conftantly in the dark, otherwife it will again become 
phlogifticated, and emit red vapours by the action of 
the light; the fame thing will alfo take place if it be 
heated with too violent a fire. 

II. To procure the Nitrous Acid by means of Arfenic. 

729 
Pulverife equal quantities of dried nitre and white rJuea^w*- 

cryftalline arfenic; mix them well together, and diftil fortis- 
in a glafs-retort with a fire very cautioufiy applied ; 
for the arfenic acts on the nitre with fuch a violence, 
and the fumes are here fo volatile, that unlefs great 
care is taken, a moft dangerous explofion will almoft 
certainly happen. As, in this cafe, the nitrous fumes 
arife in a perfectly dry ftate, fome water muft be put 
into the receiver, with which they may unite and con- 
denfe. The aquafortis fo produced will have a blue 
colour, owing to the inflammable principle feparated 
from the arfenic, by which its extreme volatility is 
likewife occafioned. If this blue aquafortis is expo- 
fed to the air, its colour foon flies off. Ifinftead of 
the white arfenic we employ the pure arfenic acid, the 
diftilled liquor will have no blue colour. 

Nitrous Acid combined, 

I. With Vegetable fixed Alkali. This fait, combined SalJpcwc, 
with the nitrous acid to the point of faturation, regene- 
rates nitre. It is obfervable, however, according to 
Neumann, that there is always fome diffimilarity be- 
tween the original and regenerated nitre, unlefs quick- 
lime is added. The regenerated fait, he fays, always 
corrodes tin, which the original nitre does not; owing 
probably to a quantity of phlogifticated acid remaining 

in it. Boiling with quicklime deprives it of this quality, 
and makes it exactly the fame with original nitre. 

II. With Fojple alkali. The neutral fait arifing from Cubic- 1 
a combination of the nitrous acid and foffile alkali is nitre, 
fomewhat different from common nitre ; being more 
difficult to cryftallize, inclining to deliquate in the air, 

and fhooting into cryftals of a cubical lorm, whence 
it gets the name of cubic nitre. Its qualities arc found 
fomewhat inferior to the common nitre; and therfore 
it is never made, unlefs by accident, or for experi- 
ments. u% 

Nitre is one of the moft fufible fairs. It is liquefied Fufibiiity. 
in a heat much lefs than what is neceflary to make it 
red ; and thus remain in tranquil fufion, without fwel- 
ling. If nitre thus melted be left to cool and fix, 

whe- 
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\haher ii e red-hot or not in the fufion, 

lies into a white, femi-tranfparcnt, folid niafs, 
ca! having all thr propcrticsof nitre 

itfelf. By this fufion, Mr Bcaume obferves that nitre 
lofes very little, if any, of the water contained in its 
cryfhls, lince the weight of mineral cryflal is nearly 
the fjmc with that of the nitre employed. 

When nitre is kept in fufion with a moderate hear, 
and at the fame time docs not touch any inflammable 
r, nor even flame, it remains in that Hate with- 
out fuffering any very fenflble alteration ; hut if it is 
long kepi in fnlion with a flrong fire, part of the acid 
is deflroyed by the phlogiflon which penetrates the cru- 
cible ; and hence the nitre becomes more and more 
alkaline. 

Nitre is of very extenfive ufe in different arts ; being 
the principal ingredient in gun-powder; and fcrving 
as an excellent flux to other matters ; whence its ufe in 
glafs making. (Sec Glass.) It is alfo poflefled of a 
confiderable antifeptic power; whenceitsufe in preferr- 
ing meat, to which it communicates a red colour. In 
medicine, nitre is ufed as a diuretic, fedative, and 
cooler ; but very often fits uneafy on the flomach. The 
refemblance of the cryftals of nitre to thofe of Glau- 
ber's ialt has fometimes been the occafion of dangerous 
miftakes. Dr Alexander mentions a fwelling over the 
whole body of a woman, occalioned by her taking a fo- 
lution of nitre inftcad of Glauber's fait. Two miftakes 
•f the fame kind wc have alfo known. In one an 
ounce, and in the other upwards of two ounces, of ni- 
tre were fwallowed. The fymptoms occasioned were 
univerl'il cohlnefs and fhivering, extreme debility and 
ficknefs at flomach, cold fweats and faintings. Nei- 
ther of the cafes proved mortal. The. cure was eftect- 
44 ed by cordials and corroborants. 
>al pi-Miiel- A procefs has obtained a place in the difpenfatories 
for a fnppofcd purification of nitre by means of flower 
of biimflone. A pound of falt-petre is to be melted 
in a crucible, or fmall iron veflcl ; and an ounce of 
flowers of fulphur thrown upon it, by fmall quantities 
at a time: a violent deflagration enfues on each addi- 
tion ; and after the whole is put in, the fait is poured 
out in moulds, and then called fal prunella. It has 
been difputed whether the nitre was at all depu^ 
rated by this procefs ; Dr Lewis thinks it is not. From 
our own experience, however, we can affirm, that by 
this means a fediment falls to the bottom, which car- 
ries with it any impurities that may have been in the 
nitre, and leaves the fluid fait clear and tranfparent as 
water. This precipitate is probably no other than a 
vitriolated tartar formed by the union of the fulphn- 
reous acid and alkali of the nitre, which being lefs fu- 
fible than the nitre, fubfides in a folid form and clari- 
fies it. 

III. IVithJ'claiile Alkali. The nitronsacid feemspecu- 
imoniac. Harly adapted to an union with volatile alkali ; fatura- 
ling as much, or rather more of it than the ftrongeft vi- 
triolic acid is capable of doing. The product is a very 
beautiful fait, called volatile nitre, or r.itrous fal ammo- 
It very readily diflolves, not only in water, but 
in fpirit of wine, which diftinguilhes it from the vitrio- 
lic and common kind of fal ammoniac. It alfo requires 
lefs heat for its fublimation : indeed care rauft be taken 
*«t to apply too great a heat for this purpofe, as 
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the nitrous fal ammoniac has the property of dcfla- Niw 
grating by itfelf without any addition of inflammable »cjd»«hti 
matter; and this it docs more or lefs readily, as the coni ma " 
volatile alkali with which it was made was more or ■'" 
lels impure and oily. 7-16 

The medical virtues of this kind of nitre have not DrW«rd*i 
been inquired into. It fecms to have made the prin- v * llltcdro P- 
cipal ingredient in the famous Dr Ward's white drop, 
which was celebrated as an antifcorbutic j with what 
juflice thofe who have tried it lntifl determine. j 4 j 

IV. With Calcareous Earths. Thcfe the nitrous acid Caicareout 
diflolves into a tranfparent rolourlefs liquor ; but for this nitro. 
purpofe it muft be very much diluted, or the folution will 
have a gelatinous coniiflence. This compound is not ap- 
plicable to any ufcful purpofe. It has a very acrid 
tafle ; and, if infpiflated, attracts moiflure from the air. 
If it is totally dried, it then refembles an earthy mat- 
ter, which deflagrates very weakly. By diftillation 
in a retort, almoft all the acid may be expelled, and 
what little remains flies off in an open fire. 74 jJ 

Mr Pott, who has particularly examined the com- Nitronl 
bination of nitrous acid with quicklime, lays that the acid de- 
acid furfered remarkable alterations by diftillation from compofed. 
quicklime, and repeated cohobations upon it. By 
thefe experiments he obtained a fait more fenfibly fuf- 
ceptible of cryllallization and detonation, than what 
can be obtained by a fingle combination. From his ex- 
periments it would feem, that nitrous acid, by this 
treatment with quicklime, was capable of being entire- 
ly decompofed. 

If a foiution of chalk in the nitrous acid be evapo- 
rated to drynefs, and then gently calcined, it acquires 
the property of mining in the dark, after having been 
expofed to the fun's rays, or even to the light of a 
candle. This fubflance, from its i-n venter, is called <; 4 j 
Baldwin's phofphcrus ,• or, from its being neceflary to Phofpht- 
keep it in a glafs hermetically fealed, phofphorus her- ™s. 
meticns. (See Earths). 

V. With Argillaceous Earths and IMagnefia. All that 
is known concerning the combinations of nitrous acid 
with thefe earths is, that the firfl produce afiringent, 
and the fecond purgative compounds, fimilar to alum 
and Epfom fait, and which are not fufceptible of crys- 
tallization. 

VI. With Gold. — Till very lately it has been the 0- 
pinion of chemifls, that the nitrous acid by itfelf was in- 
capable of acting upon this metal. — Dr Brandt, how- 
ever, produced before the Swedilh academy of fcien- 
ces, a folution of gold in the nitrous acid, obtained 
in parting, by that acid, a mixture of gold and filver. 
— The mixed metal was boiled with aquafortis in a 
glafs body fitted with a head and receiver, the liquor 
poured off, and the coction repeated with frefli parcels 
of ftronger and Hronger nitrous fpirit, till all the fil- 
ver was judged to be extracted. The laft parcel was 
boiled down till the matter at the bottom looked like 
a dry fait; on boiling this in frefli aquafortis in clofe 
veffels, as before, a part of the gold was diffolved, 
and the liquor tinged yellow. But though gold is by 
this means truly foluble in the nitrous acid, the union 
is extremely flight ; the gold being not only precipi- 
tated on the addition of filver, but likewife fpontane- 
onfly on expofure to the air. — Dr Lewis very juflly 
obferves, that this folution may have been often made 

unknown 
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unknown to the ehctfitft who did fo ; an" probably 
occafioned the miftakes which fome have fallen into, 
who thought that they were in poffeifion of aquafor- 
tis capable of tranfmuting filver into gold. Notwith- 
ftanding thefe authorities, Mr Kirwan is of opinion 
that the nitrous acid is in no cafe able to diilblve 
gold j the metal being only intimately mixed or dif- 
1 ti fed through it. 

II. With Silver. — Pure fpirit of nitre will diffolve its 
own weight of filver; and moots with it into fine white 
cryftals of a triangular form, coniifting of very thin 
plates joined clofely one upon another. Thefe cryftals 
are fomewhat deliquefcent ; of an extremely bitter, 
pungent, and naufeous tafte ; and, if taken internally, 
are highly corrofive and poifonous. They melt in a 
finall heat, and form, on cooling, a dark-coloured mafs 
flil 1 more corrofive, called lunar caujlic, or lapis infer- 
nalis. They readily diilblve in water; and, by the 
afliftance of warmth, in fpirit of wine. In the Atta 
Natura Curio forum, torn. vi. there is a remarkable hi- 
ftory of filver being volatilized by its combination with 
the nitrous acid. Four ounces of filver being dif- 
folved in aquafortis, and the folution fet to diftil in 
an earthen retort, a white tranfparent butter rofe in- 
to the neck, and nothing remaining behind ; by de- 
grees the butter liquefied, and parted down into the 
phlegm in the receiver. The whole being now pour- 
ed back into the retort, the filver arofe again along 
with the acid. The volatilization being attributed to 
the liquor having ftood in a laboratory where charcoal 
was bringing in, the experiment was repeated with a 
frefh folution of filver, and a little powdered charcoal, 
with the fame event. 

Solution of filver in the nitrons acid ftains hair, 
bones, and other folid parts of animals, and different 
kinds of wood, of all the intermediate ihades from a 
light brown to a deep and lafting black. The liquors 
commonly fold for ftaining hair brown or black, are 
no other than folutions of filver in aquafortis, fo far 
diluted in water as not fenfibly to corrode the hair. 

It gives a permanent ftain likewife to fundry ftones ; 
not only to thofe of the fofter kind, as marble, but to 
fome of confiderable hardnefs, as agates and jafpers. 
The folution for this purpofe Ihould be fully faturated 
with the metal; and the ftone, after the liquor has 
been applied, expofed for fomc time to the fun. M» 
du Fay obferves (in a paper on this fubject in the 
French memoirs for 1728), that if the folution be 
repeatedly applied, it will penetrate into the whitifli 
agate, or chalcedony, about one-twelfth of an inch: 
that the tincture does not prove uniform, on account 
of the veins in the ftone: that the colours, thus com- 
municated by art, are readily difhinguifhed from the 
natural, by difappearing on laying the ftone for a 
night in aquafortis : that, on expofing it to the fun 
afterwards for fome days, the colour returns: that 
the folution gave fomewhat different tindures to dif- 
ferent ftones; to oriental agate, a deeper black than 
to the common chalcedony; to an agate fpotted with 
yellow, a purple ; to the jade ftone, a pale brownilh ; 
to the common emerald, an opaque black ; to common 
granite, a violet unequally deep j toferpentine ftone, 
an olive ; to marble, a reddifh, which changed to pur- 
ple, and fixed in a brown ; thai on flates, talcs, and 
amianthus, it had no effect. 



IOj 

If a folution of filver be diluted with pure Water, a Nitrous 
confiderable quantity of pure mercury added, and the a c 'd and 
whole fet by in a cold place; there will form by d e . 'ts condn- 

grtes a precipitation and cryftallization refembling a ! >at10 " 6 ' , 

little tree, with its root, trunk and branches, called 754 
arbor Diaiue,ox the philosophic fher tree. Another kind Arbor Dia- 
of artificial vegetation may be produced by fpreading nK - 
a few drops of folution of filver upon a glafs plate, 
and placing in the middle a fmall bit of any of the 
metals that precipitate filver, particularly iron. The 
filver quickly concretes into curious ramifications all 
over the plate. ^- 

Like other metallic folutions, this combination of Solution cf 
the nitrous acid with filver is decompofed by fixed and Clver de- 
volatile alkalies, calcareous earths, and feveral metals, compob.d. 
(fee the Table of Affinities); but with feveral pecu- 
liar circumflances attending the precipitation. With 
metals, the filver is readily and copioufly thrown down 
at firft, but flowly and difficultly towards the end. 
The menftruum generally retains fome portion of the 
filver, as the filver almoft always does of the metal 
which precipitated it. For recovering the filver from 
aquafortis after parting, the refiners employ copper. 
The folution, diluted with water, is put into a cop- 
per veffel, or into a glafs one with thin plates of cop- 
per, and fet into a gentle warmth. The filver begins 
immediately to feparate from the liquor in form of fine 
grey fcales, or powder j a part of the copper being 
diflblved in its place, fo as to tinge the fluid more or 
lefs of a bluifh green colour. The plates are now and 
then fliaken, that fuch part of the filver as is depo- 
fited upon them may fall off, and fettle to the bottom. 
The digeftion is continued till a frefh bright plate, 
kept for fome time in the warm liquor, is no longer 
obferved to contract any powdery matter on the fur- 
face ; when the liquor is poured off, and the preci- 
pitate wafhed with frclh parcels of boiling water. It 
is obfervable, that though the acid in this procefs fa- 
turates itfelf with the copper, in proportion as it lets 
go the filver, yet the quantity of copper which it takes 
up is not near fo great as that of filver which it de- 
pofits. One drachm of copper will precipitate three 
of filver, and faturate all the acid that held the three 
drachms diflblved. . ^ 

Calcareous earths, as chalk or quicklime, throw Charatfm 

down a part of the filver, but leave a very confide- curiotifly 

rable part fufpended in the liquor. If the earth be marked on 

moiftened with the folution into the confidence of a tIie in ^ e 

pafte, and expofed to the fun, it changes its white f g 

1 j 1 vn 1 1 1 j-/t n 1 „ by means 

colour to a dark purphfh black; diftinct characters f t h e f un > s 

may be exhibited on the matter, by intercepting a light, 
part of the fun's light by threads, flit paper, ire. placed 
on the outfide of the glafs. Culinary fire does not af- 
fect its colour : after the mafs has been exliccated by 
this, it changes as before, on expofure to the fun. 

Mild volatile alkaline fpirits, added to a folution of 
filver, precipitate but little, and canftic volatile alka- 
lies none. Pure fixed alkalies, and alkalies rendered 
cauftic by quicklime, throw down the whole. Fixed al- 
kalies impregnated with inflammable matter by calci- 
nation with animal coals, occafion at firft a confide- 
rable precipitation ; but if added to a larger quantity, 
take up a great part of the metal again. Mr Mar- 
graaf relates, that edulcorated calces of filver totally 
diffolve, both in a lixivium of thefe alkalies and in vo- 



O 



Utile 




CHEMISTRY. 



t'OJ J LV. 



7<8 

Verditer 



"59 
Iron. 



latile fpirits ; and thai the marine acid precipitates the 
:i!e, lv.it not from the fixed, alka- 
line folution. Kuncktl reports that the calx precipi- 
tated by volatile (pints nude with quicklime, lulmi- 
nates or explodes in the tire; and that by infpidating 
a rotation of pure iilver, niching the dry relidiuim, 
pouring it on fpirit of urine itiptiiaturaied with fair, 
ud fetting the mixture in a gentle warmth, a blood- 
red mafa is produced, fo tough, as to admit of being 
wound ab >Ut the fingers. 

III. //'.//' C pper. The nitrous acid very readily dif- 
folvcs this metaj into a green-coloured and very cauflic 
liquor. The folution, it properly evaporated, will cry- 
ftallize; but the cryftals are deliquefcent, and there- 
fore difficult to be prefcrved. The only ufe of this 
combination is for the preparation of the pigment cal- 
led verditer. Of this there are two kinds, the blue and 
green. The blue is by far the brighteft colour, and 
coufequcntly the mod valuable. It has been faid that 
this is obtained by precipitating a folution of copper 
by any calcareous earth; and therefore is fold by the 
refiners who have large quantities of folution of cop- 
per accidentally made. The folution is faid to be pre- 
cipitated by chalk, or whiting ; and that the precipitate 
is the beautiful blue colour called verditer. By this 
method, however, only the green kind can be obtain- 
ed. The blue we have found to be of a quite different 
nature, and formed by precipitation with a gentle heat 
from a folution of copper in volatile alkali. See the 
article Colour-making. 

IV. With Iron. On this metal the concentrated ni- 
trous acid ads very violently, ami plentifully corrodes, 
but does not dillblve it ; the calx falling almoft as fait 
asdillblved ; and when it is once let fall, frefli acid will 
not take it up again. If the acid was diluted at firft, 
it takes up a confiderable porportion, provided the 
metal be leifurely added. If the folution is perform- 
ed with extreme flownefs, the colour will be green ; 
but if otherwife, of a dark red. It does not cryftal- 
lizc ; and, if infpiilated to drynefs^deliquates in the 
air. 

V. With Tin. Concentrated nitrous acid acts upon 
tin with great force, but only corrodes the metal into 
a white indiilbluble mafs. In order to obtain a perfect 
folution of tin in the nitrous acid, the metal mult be put 
in by very little at a time, and a diluted aquafortis 
made ufe of. This folution has been confiderably ufed 
in dyeing, and is remarkable for heightening red co- 
lours of all kinds; but the folution made with aqua- 
regis is preferable. 

VI. With Lead. Proof aquafortis, lowered with an e- 
qual quantity of water, diifolves about half its weight of 
lead. On diluting the folution with a large quantity 
of water it turns milky, and depofites great part of 
the metal. The folution (hoots, upon exhaling part of 
the menftruum, intofmall pyramidal cryftals with fquare 
bafes, of an auftere fweet tafle. 

In the memoirs of the French academy for 1733, 
fcppofe/to there is a particular account of an experiment, in which 
ke eitra.1- mercary is faid to have been extracted from lead by 
«dfrom 1 i n it the nitrous acid. During the dilTolu- 

. there fell a precipitate which is plainly proved 
to be mercury, and was looked upon to be one of the 
continent parts of the lead feparatcd by this limple 
6 : it fceuis probable, however, that the mercury 



760 

Tin. 



t6i 



761 



k.J. 



Practice. 

in this cafr had been contained in the aquafortis ; for Nitrou. 
pure lead dillblved in pure aquafortis rives no fuch pre- aciJ an ' 1 . 
cipitate. 

The cryftals of lead in the nitrous acid, " I'm ' ■"' ' v ' 1 

thrown into the fire, do not deflagrate as other com- 
binations of this acid with metallic or Paline bafes; 
but crackle violently, and fly round, with great dan- 
ger to the by llanders. If they are rubbed into very 
fine powder, they may then be melted without any 
danger. By repeated diffohuions in frefli aquafortis, 
they at laft forma thick fluid like oil, which cannot 
be dried withoutgrcat difficulty. This compolition is not 
adapted to any particular ufe, and is a violent poifon. . 6 

VII. With Quickji/ver. Aquafortis of fuch a degree Quickiil- 
of ftrength as to take up half its weight of iilver, J if vcr. 
folves with eafe above equal its weight of mercitry in- 
to a limpid liquor, intenfely corrolive and poifonous, 
which fpontaneoully lhoots into white cryftals. Thefe 
cryftals, or the folution exficcated, and moderately 
calcined, affume a fparkling red colour; and are ufed , 

in medicine as an efcharotic, under the name of ;W Red *ci- 
precipitate. The precipitate has fometimes been gi- pitate. 
ven internally, it is faid, in very large quantities ; 
even a whoie drachm at one dole. But this would 
fecm incredible; and the pefent practice does not 
countenance the taking of red precipitate inwardly. 
Tln\ folution feems to have been what gave the efficacy 
to Ward's white drop. 

When red precipitate is prepared in quantity, it is 
proper to diftil the mercurial folution; becaufe molt 
of the aquafortis may then be faved. It is exceeding- 
ly pure, if by purity we mean its being free of any ad- 
mixture of vitriolic or marine acid ; but is confiderably 
tainted with the inflammable principle of the mercury 
extricated during the diflblution. In confequence of 
this, it is very volatile and fmoking ; which has gene- 
rally, though improperly, been taken as a fign of 
ftrength in the nitrous acid. 76$ 

VIII. With Bifmuth. This femimetal is very readily Kifmutk. 
acted upon by the nitrous acid. Proof aquafortis diflblves 

about half its weight of bifmuth. If the metal was ha- 
ftily added, the folution proves of a greenifh colour ; 
if otherwife, it is colourlefs and tranfparent. Unlefs 
the acid was diluted with about an equal quantity of 
water, a part of the bifmuth cryftallizes almoft as fait 
as it diflblves. The metal is totally precipitated both 
by fixed and volatile alkalies. The laft, added in 
greater quantities than are fufficient for precipitation, 
take it up again. The liquor generally appears 
greenifh; by alternate additions of the alkaline fpirit 
and folution, it becomes bluilh or purple. Fixed alka- 
lies calcined with inflammable matter likewifc diftblve 
the bifmuth after they have precipuated it. 766 

The only ufe of this compound is for the precipi- Magifkry 
tate, which is ufed as a cofmetic, under the name of of bifmuth. 
via^ijiery of bifmuth. The common way of preparing 
this is by diluting the folution very largely with water, 
upon which it turns milky, and a fine white precipi- 
tate falls, which is to be well edulcorated with water 
and is then employed as a cofmetic both in walhes and 
pomatums. 

Concerning the preparation of this cofmetic, Neu- 
mann obferves, that there 2rc fundry variations. 

" Some (fays he) takes aqna-rtgia for the mcnllruum ; 
end for the precipitant a folution of fra-falt, alkalies, 
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fpirit of wine, Sec. Some mix with the folution of 
bifmuth a folution of benzoin in fpirit of wine, and 
thus obtain a magiftery compounded of bifmuth and 
benzoin. Others add a folution of chalk to the me- 
talline folution, and precipitate both together by al- 
kalies. I have made trial with a good number of dif- 
ferent precipitants ; and found, that with common 
fixed alkali and cauftic alkali, with watery and vinous 
alkaline fpirits, the magiftery was white, and in con- 
siderable quantity ; the liquor, after the precipitation 
with volatile fpirits, appearing blue. That oil of vi- 
triol threw down a white precipitate very copioufly : 
but that with fpirit of fait, or fpirit of vitriol, the 
precipitate was in very fmall quantity, in colour like 
the foregoing ; diftilled vinegar making no precipita- 
tion at all. Common rectified fpirit of wine, and tar- 
tarized fpirit, common water, and lime-water, gave 
white precipitates. Solutions of nitre, vitriolated tartar, 
fal mirabile, alum, borax, common fait, fal ammoniac, 
the combination of marine acid with calcareous earth, 
and terra foliata tartari, all precipitated the bifmuth 
white. With a folution of gold in aqua-regia the ma- 
giftery proved grey ; with a folution of the fame metal 
in aqua-regia made with fpirit of fait, the precipitate 
was likewife grey, and in fmall quantity ; with folu- 
tion of copper in aquafortis, white,, and in very fmall 
quantity, the liquor continuing blue ; with folution of 
vitriol of copper, white ; with folution of mercury fub- 
limate, white and plentiful ; with folution of iron in 
aquafortis, yellowifh ; with folution of lead in aqua- 
fortis, and of fugar of lead, white ; with folution of 
zinc in aqnafortis there was little precipitate ; and with 
folutions of lilver, tin, regulus of antimony, and of 
mercury, in the fame acid, none at all." 

IX. With Zinc. Upon this femimetal the nitrons acid 
acts with greater violence than any other, and will for- 
fike any other metallic fubftance for it. The whole is 
very foon difTolved into a tranfparent colourlefs liquor. 
The calces of flowers of zinc are likewife foluble in the 
nitrous acid ; but neither the folution of the flowers, 
norof the metal itfelf, have been yet found applicable to 
any ufeful purpofe. Neumann remarks, that on ex- 
tracting with nitrous acid the foluble parts of calamine, 
which is an ore of zinc, the folution, infpiiTated to 
drynefs, left a reddilh brown mafs, which on digeftion 
with fpirit of wine exploded and burft the vefTel. 

X. With Regulus of Antimony. The nitrous acid ra- 
er corrodes than difTolves this femimetal. The cor- 
roded powder forms a medicine formerly nfed under 
the name of bezoar mineral, but now difregarded. 

XI. With Regulus of Cobalt. This femimetal difTolves 
readily in the nitrous acid, both in its metallic form 

% and when reduced to a calx. The folution is of a red 

Regulus of colour. Hence the nitrous acid furnifhes means of 
cobalt, how difcovering this femimetal in ores after ftrong calci- 
difcovered nation ; very few other calces being foluble in the ni- 
in ores. trous acid, and thofe that are not influencing the 
colour. 

XII. With Nickel. This femimetal is eafily difTolved 
by the nitrous acid into a deep green liquor; but neither 
this folution, nor indeed the femimetal of which it is 
made, has hitherto been found of any ufe. 

XIII. With Arfcnic. This fubftance is readily difTol- 
ved by the nitrous acid ; which abftracls the phlogifton, 
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and leaves the pure arfenical acid behind. 
Acid of Arfenic. 

XIV. With Expreffhd Oils. Thefe, as well as all other 2£JJf " ■ 

fatty or unctuous fubftances, arc confiderably thickened s_^J , 

and hardened by their union with the nitrous acid. 771 
There is only one preparation where this cembination oils - 

is applied to any ufe. It is the unguentum citrinum of 77* 
the fhops« This is made by adding to fome quantity tu £f"itri"- 
of melted hog's-lard a folution of qnickfilver in the llum> 
nitrous acid. The acid, though in a diluted flate, and 
combined with mercury, neverthelefs acls with fuch 
force on the lard, as to render the ointment almoft of 
the confidence of tallow. 773 

XV. With Vinous Spirits. If highly rectified fpirit of Spirit of 
wine and ftrong fpirit of nitre are fuddenly mixed to- wine, 
gether, the acid inftantly becomes volatile, and is dif- 
fipated with great heat and effcrvefcence in highly 
noxious red fumes. If the acid is cautiotifly poured 

into the fpirit, in the proportion of five, fix, or even 
ten parts of fpirit to one of acid, and the mixture di- 
ftilled in a glafs retort fet in a water-bath, an exceed- 
ingly fragrant and volatile fpirit comes over, ufed in 
medicine as a diuretic and cooler, under the name of ._ 
fpiritus nitri dulcis. This liquor is not acid ; nor has Spiritus ni- 
what remains in the retort any more the characterises tri dulcis. 
of nitrous acid, which feems 10 be entirely decompofed 
in this procefs. (See the following article.) j^ 

With the nitrous acid and fpirit of wine, may alfo Nitrous 6- 
be made an exceedingly volatile liquor, called nitrous ther. 
ether, to diftinguifh it from the vitriolic abovemen- 
tioned. The proportions of nitrous acid and fpirit of 
wine to each other for nitrous ether, are two of the acid 
by weight to three of the fpirit. Dr Black's procefs 
for making it is as follows. Take four ounces of 
ftrong phlogifticated nitrous acid ; and having cooled 
it by putting it into a mixture of fait and inow, or 
into water cooled very near the freezing point, by put- 
ting pieces of ice into it, he puts it into a phial, 
and pours upon it an equal quantity of water, likewife 
cooled very low, in fuch a manner that the water may 
float as much as poffible on the furface of the fpirit. 
Six ounces of ltrong fpirit of wine are then put in, fo 
as to float in like manner on the furface of the water ; 
the phial is placed in a vefTel containing cold water : 
and fo great is the power of cold in reftraining the ac- 
tion of bodies, that if the mixture was too cold, no 
ether would be produced ; but at the temperature 
juft mentioned, the ether begins to be formed in a few 
hours, with fome little efFervefcence, and an expulfion 
of a fmall quantity of nitrous air. We muft provide 
for the efcape of this elaftic fluid, by having an hole 
.in the cork, or the vefTel wosld be broken. The 
whole of the ether will be formed ilia few days, and 
nny be feparated from the reft of the liquor by 
means of a funnel, fhaped as in PI. CXXXIV. 

% 9- , 776 

To procure the nitrous ether in large quantities, Woulfc'* 
Mr Woulfe recommends the following procefs. Put procefs for 
into a retort four pounds of nitre, then mix together procuring 
four pounds of vitriolic acid, and three pounds five ltm ^ r 8 e 
ounces of fpirit of wine. Thefe are poured on the 1 u * nUtiel 
nitre by adding only two ounces at a time : the vi- 
triolic acid acting on the nitre, produces a fufhtient 
degree of heat j and the acid of the nitre uniting with 
O i ' the 
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. ether, which flics off from 

. ■ number of veflcls 

—To - .: id nitrous ether 

: ; Mr Doltfufs advifes to 

mganefe, four of vitriolic 

ictd, of wine. 

Mai ether is the moft oily part 

or iminuflcr.ee of fpirit of wine. Bni it cannot be 
proved that ether co ly oil. And, betides, if 

this were tbe cafe, thole acids which have the ftrongeft 
attraction for v J produce the grcateft quan- 

tity of ether ; which is found not to be the cafe : and it 
is inoft probable that ether is produced by a combina- 
tion of Game part of the acid with a portion, particu- 
larly the inflammable part, of the fpirit of wine ; and 
it has been fhown by chemical experiments, that every 
kind of eirur contains a part of the acid employed. 
Dr Black himfclf has formed ether without any fpirit 
at all, by expofing nitrous acid highly phlogillicated 
for fomc months to the light of the fun. This was 
owing to the attraction of the principle of inflamma- 
bility ; which it is well known that light has the power 
of affording to bodies that attract it with force. 

Nitrous Acid decomposed, 

I. By E([:ntial Oils. If equal quantities of ftrong 
by fpirit of nitrous acid and oil of cloves are poured into the fame 
mtrc. veffel, the mixture inftantly takes fire ; both acid and 

oil burning with great fury till only a light fpongy coal 
remains. Dr Lewis obferves, that this experiment 
does not always fuccecd, and that there are but few 
oils which can be fired with certainty, without attend- 
ing to a particular circumftance firft difcovered by M. 
Rouelle, and communicated in the French Memoirs 
for the year 1747. " On letting fall into the oil equal 
its quantity of acid, the mixture effervefces, fwells, 
and a light fungous coal arifes: a little more of the acid 
poured upon this coal fets it inftantly on fire. By this 
method almoft all the diftilled oils may be fired by fpi- 
rit of nitre of moderate ftrength. ExprefTed oils alfo 
may be fct on fire by a mixture of the nitrous acid and 
oil of vitriol ; the ufe of which laft feems to be to ab- 
--r, forb the aqueous humidity of the fpirit of nitre. 
Nitre alka- II. By Charcoal. By this fubftance the nitrous acid 
lized. cannot be conveniently decompofed, unlefs it is combi- 

ned with an alkaline or metallic bafe. For the purpofe 
of decompofing the acid, common faltpetre is moft 
convenient. The proportions recommended by Dr 
Lewis for alkalifating nitre, are four ounces of the fait 
to five drachms of powdered charcoal. If thefe are 
carefully mixed, and injected by little and little into a 
tubulated retort made red hot, and fitted with a large 
receiver and a number of adopters, a violent deflagra- 
tion will enfue on every addition, attended with a great 
quantity of air, and fome vapours which will circulate 
8o for fome time, and then condenfe in the veflels. This 
Tlyffus of liquor is called clyjfus tf nitre. If fulphur is ufed inftead 
of nitre, the clylTus is of a different kind, confuting of 
a mixture of the nitrous and vitriolic acids. The re- 
fiduum, when charcoal is ufed, is a very ftrong and pure 
alkali ; with fulphur it is vitriolated tartar. To pre- 
vent the lofs occafioned by the violent deflagration, 
when this operation is performed in open vcfTels, Dr 
Black recommends to have the materials fomewhat moift. 
III. By Vmius Spirits. In the procefs already men- 



tioned for making /J>irJtou nhri duLu, a total deeompo- N''""c 
fit ion of tbe acid Items to take place: far neither the aci " 
dulcified fpirit itfclf, nor the acid matter left in lb. 

tort, lhow any ligns of deflagration with inflammable - g ' 

matters, which is the peculiar characteristic of nitrous 
acid.. :8i 

Mr Pott has given an analvfis of the oleaginous re- Refiduum 
fiduism of the diftillation. Diftilled by a ftronger lire, of <?»"*»• 

n • 1 .i 1 1 .• r.itn auk is 

it gave over a yellow, acid, nightly cmpyi tumatic ^ j 
fpirit; which being faturatcd with fixed alkali, iheMrPott. 
liquor evaporated, and the dry neutral fait laid on 
burning coals, did not deflagrate. After this fpiiii a- 
rofe a red empyreumatic oil ; and in the bottom of 
the retort was left a lhining black mafslike. foot ; which, 
burnt in a crucible, left a white fixed earth, convert' 
ible by a vehement fire into glafs. Another parcel 
of the above refiduum was evaporated to the conlilt- 
ence of pitch. In this ftate it gave a yellow tincture 
to fpirit of wine, flamed vividly and quietly on burn- 
ing coals, and at laft fwelled up like bitumen. Ano- 
ther portion was faturatcd with alkaline ley, with 
which it immediately efftrvefced, and then evapora- 
ted as the former. It gave, as before, a yellow colour 
to rectified fpirit of wine, ami a much deeper yellow to 
dulcified fpirit of nitre ; and in the five difcovered no 
footftcp of detonation. M. Macquer fuppofes this acid 
to have been not the nitrous, but the acetous, which 
enters into the compofition of the fpirit of wine ; and 
his conjecture is now confirmed by late experiments. 



§ 3. Of the Marine Acid and its Coffibinations. 
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This acid is never, at leaft very rarely, found but Marine 
in a ftate of faturation with the mineral alkali ; in cid * 
which cafe it forms the common fait ufed in food. Al- 
moft the only exception to this is human urine, and 
perhaps that of fome other animals ; for there the ma- 
rine acid is found faturated, not with the mineral, but 
the common vegetable, fixed alkali. From being found 
in fuch plenty in the waters of the ocean, it has the 
name of marine acid. j%* 

It is commonly thought that this acid is no other Marine a- 
than the vitriolic, fomehow or other difguifed by the cid thought 
inflammable principle ; to which fome have added ano- *° bc th . c 
ther, called by them a mercurial earth. thTvitri* 

The reafons given for this fuppofition, however, i ic 
are but very flight, confifting chiefly in the refem- 
blance between the volatile vitriolic acid and the ma- 
rine, both in the white colour of their vapours, and 
likewife the great volatility of both. As to the exift- 
ence of that principle called a mercurial earth, it hath 
never been proved ; and, till that time, can never bc 
allowed to be an ingredient in the compofition of any 
fubftance whatever. As we do not remember to have 
read of any experiments where the marine acid was 
directly produced from that of vitriol, we fhall con- 
tent ourfelves with relating one very remarkable fact 
which happened to fall under our own obfervation. 784 

As vitriolated tartar, or Glauber's fait, when fufed A tranfmti. 
with charcoal duft, is converted into an hepar ful- tatio11 - 
phuris, attempts have been made on this principle 
to feparate the pure alkali from the refiduum of Glau- 
ber's fpirit of nitre and fpirit of fait. In an attempt 
of this kind, which, by the bye, proved unfuccefslul, 
as all others of the fame kind muft do, 30 or 40 
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pounds of the mafs for Glauber's fait were fufed in a 
ftrong iron pot, with a Efficient quantity of common 
coal powdered and fifted. As the qnantify of pow- 
dered coal was pretty large, the mafs was thereby 
hindered from flowing into thin fnfion ; and, that the 
whole might be perfectly alkalifated, it was frequent- 
ly ftirred up with an iron ladle, and kept very imenfe- 
ly heated for fome hours. The mafs was now taken 
out by means of an iron ladle, and laid on a flat ftone ; 
and, as it was but half fluid, every ladleful concreted 
into a black irregular faline mafs, which had the ap- 
pearance of a cinder : but which, however, confifted 
of an hepar fulphuris mixed with fome coal-duft. As 
there was a confiderable quantity of this matter, and 
the ladlefuls were thrown at random above one ano- 
ther, it fo happened, that between two or three of the 
pieces, a kind of chimney was formed, fo that there 
being a fmall draught of air through the interfaces, 
and the mafles containing a quantity of coal-duft, the 
internal parts were in a ftate of ignition, while the ex- 
ternal were quite cold. From thefe ignited places a 
white fume arofe ; which being collected on the colder 
mafles, affiimed the form of white flowers. Thefe were 
found to be genuine fal ammoniac, compofed of a vola- 
tile alkali and marine acid ; both of which we have 
the greateft reafon to think were produced at that very 
time, and that a double tranfmutation took place ; 
namely, of the vitriolic acid into the marine, and of 
the fixed alkali into the volatile. Our reafons for be- 
ing of this opinion are, 1. That the matter had been 
fubjected to fuch an extreme and long continued heat, 
that, had any fal ammoniac been pre exiftent in the 
mixture, it muft have certainly been diflipated, as this 
fait always fublimes with a degree of heat below ig- 
nition. 2. Though the matter was taken out of the pot 
of a very intenfe red heat, fo that the faline part was 
evidently melted, yet no ammoniacal fume iffiied from it 
at that time, nor till the mafles had been for fome time 
expofed to the air, and were become cool, excepting 
only thofe interftices where the air kept up a burning 
heat, by a fmall draught being formed from the fitua- 
tion of the faline mafles. 3. In thofe ignited places, 
when cool, the fixed fait was entirely decompofed, 
neither alkaline fait, Glauber's fait, fixed alkali, nor 
fulphur remaining ; but the whole was confumed to a 
kind of ferruginous afhes. We are therefore of opi- 
nion, that the marine acid and volatile alkali arc, in 
fome cafes, mere creatures of the fire, and mod com- 
monly produced at the fame time, from the flow com- 
buftion of mineral fubftances. Hence, where heaps 
of hot cinders are thrown out, fmall quantities of the 
true fal ammoniac are always formed, when the ignited 
ones happen to fall in fuch a manner as to occalion a 
fmall draught of air through them. 

The marine acid, or fpirit of fair, is weaker than 
either the vitriolic or nitrons ; though Dr Prieftley 
hath obferved, that, when concentrated to the utmoft 
degree, in which ftate it was perfectly invifible and 
elaflic as air, it was then able to feparate the nitrous 
acid from an alkali. In fome other cafes, too, it ap- 
pears not only ftronger than the nitrous, but even than 
the vitriolic ; of which we fliall take notice in courfe. 
— Mr Berthollet fays, that he has been able alfo to 
procure the marine acid in a folid ftate, by difliHing it 
in Mr Woulfe's apparatus, kept perfectly cool with ice. 



The yellow colour of the marine ac'ul is fome times 
owing to iron, which may be precipitated from it by 
means of an alkali. In certain cafes, however, it is 
obferved to have a much darker and nearly a brown 
colour, without containing the fmalleft particle of this 
metal. — Mr Dollfufs is of opinion, that the yellow co- 
lour of the marine acid is owing to a portion of dc- 
phlogi Plicated air which it generally contains. A pretty 
ftrong proof that it emits this kind of air indeed is, 
that a candle will burn longer in a bottle containing 
fome marine acid, than it will in an equal quantity of 
common air. 

I. To procure the Marine Acid by means of the Vi- 
triolic. 

Put any quantity of fea-falt into a tubulated glafs- 
retort, to which a large receiver is firmly luted, ha- 
ving a q.iaiitity of water in it, more or lefs as you 
want your fpirit of fait to be more or lefs ftrong. 
Having placed your retort in a fand-bath, take of con- 
centrated oil of vitriol half as much as you put fait 
into the retort. Through the aperture in the upper 
part of the retort, pour a fmall quantity of the vitrio- 
lic acid ; a violent efFervefcence will immediately a- 
rife, and white vapours will afcend, and come over into 
the receiver. Thefe vapours are the marine acid in 
its moft concentrated ftate ; and, as they are very 
greedy of moiflure, they will unite with the water in 
a very (hort time, unlefs too much oil of vitriol is put 
in at once ; in which cafe, part of them will be difli- 
pated through the fmall hole in the receiver. When 
you perceive the firfl fumes condenfed, add a little more 
oil of vitriol, taking care to flop the aperture of the 
retort as foon as yon drop in the vitriolic acid, that 
the marine acid may not efcape. Continue this by 
intervals, till your acid is all put in ; and then make 
a very gentle fire, that the retort may be no warmer 
than the hand can bear. This degree of heat muft 
be continued a long time, otherwife very much of the 
acid will be loft. To perform this operation perfectly, 
no more acid fhould be forced over, than what the wa- 
ter in the receiver can take up ; and by this means 
the operator's patience will be rewarded with a vaftly 
larger produce of acid than can be procured by hafly 
diftillation. When the vapours become a little more 
fixed, a greater heat is neceflary, but nothing equal 
to what the nitrous acid requires. For diftilling fpi- 
rit of fait, Mr Wiegleb recommends four pounds of 
oil of vitriol to fix of common fait. — It may alfo be 
obtained from the bittern remaining after the cry- 
ftallization of common fait, by adding one pound of 
oil of vitriol to five of bittern. It may even be ob- 
tained from this liquid by fimple diftillation without 
any additional acid ; but a violent fire will then be ne- 
ceflary, and it is almoft impofiible to prevent the li- 
quor from fwelling and running over the neck of the 
retort in the beginning of the procefs. 

The marine acid cannot be procured by means of 
combinations of the vitriolic acid with metallic and 
earthy bafes, as the nitrous is ; for though, by means 
of calcined vitriol, for inftance, the marine acid is ef- 
fectually expelled from its alkaline bafts, yet it imme- 
diately combines with the calx of iron left by the vi- 
triolic acid, and not only adheres obftinately, but even 
fablimes the metal ; fo that what little fpirit can be 
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^ never p-ire. This inconvenience is not 
fo great when uncalcined copperas is made ufc of: 
for ilie marine acid lias a very ftrong attraction to 
, which partly diil'olves its union with the me- 
talline calx. If gypfum is ufed, inflead of calcined 
I, not a drop of fpirit will be obtained. Alum 
and lal catharticus ainarus amfwer better. 

II. To procure the Marine Acid by means of the 
Nitrous. 

Take equal quantities of fca-falt and Glauber's fpi- 
rit of nitre; put the fait into a retort, and pour on it 
the nitrous acid; let them (land for io or ia hours ; 
then diftil with a gentle heat ; an acid liquor will come 
over, which is a compound of the nitrous and marine 
acids, called aqua-regis. When the diitillation is fi- 
rnfhed, and the veflcls cooled, pour back the diflilled 
liquor on the mafs which is left on the retort, and 
diftil again: the fecond produce will be more of the 
nature of fpirit of fca-falt than the former. Continue 
to do this, pouring the diflilled liquor either on the 
mafs left in the retort, or upon frefh fea-falt, till you 
obferve that no nitrons acid arifes. No experiments 
have been made on this fpirit of fait, by which we can 
judge whether it is diiicrent from that procured by the 
vitriolic acid or not. 

111. To procure the Marine Acid, by diftilling Salt 
per ft. 

Put into a retort any quantity of common fait which 
has not been dried, and diftil in a fand-hcat till no- 
thing more will come over. In the receiver you will 
have a liquor conliderably more acid than vinegar, in 
weight about the fourth part of the fait employed. 
On the dry fait left in the retort, pour fome water, 
fomewhat lefs in quantity than the liquor which came 
ever. Let it ftand till the fait has thoroughly imbi- 
bed the moiflnre, and then diftil again. You will again 
have an acni, bit weaker than the former. Repeat 
this fix or 4even times ; after which you will obtain 
no more marine acid in tMs way. It has been thought 
that fea-falt was capable of total decompofition by 
means of moillure alone ; but that is found to be a 
miltake. The reafon of any acid being procurable in 
this way, is the impurity of the common fair, which is 
always mixed with a quantity of fal catharticus aina- 
rus, and of marine acid combined with magnella, from 
which lafl it is feparable by moifturc. If a pure fait 
be formed by combining marine acid with fait of foda, 
no fpirit will be obtained. 

IV. To dephlogifticatc the Marine Acid. 

The marine acid, when mixed either with that of 
nitre or with manganefe, lofes that peculiar fmell by 
which it is ufually diftinguiflied, and acquires one much 
more volatile and fuffocating. When mixed with the 
former, the compound is called aqua-regia ; when fub- 
jc^ed to the action of manganefe, the product is called 
dephlogijiicatei fpirit of fait. The method of procuring 
this acid recommended by Mr Scheele is as follows: 
Mix commou muriatic acid in any quantity with levi- 
gated manganefe in a glafs retort ; to which lute on 
with blotting paper a receiver capable of containing 
about 12 ounces of water. Put about two drachms of 
liquid into it ; and in about a quarter of an hour, or 
fomcwlui more, a quantity of clailic fluid, which is the 



true dephlogifticated fpirit of fait, will pafs over, and Marine 
communicate a yellow colour to the air in the receiver ; ai "'d J "d 
after which the latter is to be feparated from the re- 
tort. It the paper has been clofely applied, a quantity 
of the air will now ruth out with fome violence; a cork 
muft therefore inllantly be put into it, and another re- 
ceiver applied, having in like manner two drachms of 
water iu it, which will alio be filled in a fhort time ; 
and thus may feveral phials full of this aerial acid be 
procured in a fhort time. Care fhould be taken, that 
the retort be placed in fuch a manner as that any drops 
of liquid which chance to arife may fall down again in- 
to it. The water put into the receivers feems to con- 
denfe the vapours of the marine acid ; and it is moft 
proper to ufe imall receivers, Hi account of the great 
quantity of vapour which is loft at every operation. 7 ^ 2 

The effects of this dephlogifticated marine acid, Propertied 
which can fcarcely be condenfed into a liquid, arc, i.ofdephl*- 
The lute is corroded in diftillation, and the corks be- g 1 * 1 " 1 ^ 
come yellow, as from aquafortis. 2. Paper coloured y\ ut ° 
with lacmus becomes nearly white, as well as all vege- 
table red, blue, and yellow flowers ; and the fame 
change is likewife produced upon the green colour of 
vegetables ; nor can any of thefe colours be recovered 
either by alkalies or acids. 3. Expreiled oils and ani- 
mal fats, expofed to the vapour, become as tenacious 
as turpentine. 4. Cinnabar grew white on the fur- 
face ; and when it was wafhed, a pure folution of corro- 
five fublimate was obtained ; but fulphur was not 
changed. 5. Green vitriol became red and deliquef- 
cent ; but white and blue vitriol remained unchanged. 
6. Iron filings were diflblved ; and on evaporating the 
folution to drynefs, common muriatic acid was obtain- 
ed by diitillation with marine acid. 7. In like man- 
ner all the metals, even gold itfelf, were difTolved ; and 
by precipitation with volatile alkali, the folution of 
gold yielded aurum fulminans. 8. The eauftic volatile 
alkali produced a white cloud, and envitted a number 
of air-bubbles, which on burfting difcharged an elaftic 
vapour. 9. Fixed alkali was changed into common 
fait, which decrepitated in the fire. 10. Arfenic be- 
came dcliquefcent, infects died, and fire was inftanta- 
neoufly extinguilhed in the vapour. 70 o 

Thefe phenomena proceed from the ftrong attrac- Miftakc of 
tion of dephlogifticated marine acid for the phlogifton Stahlac- 
it has loft ; and which is one of the eilential parts of it, counted 
without which it can fcarce at all be condenfed into a 
liquor. " Perhaps (fays Mr Scheele) Stahl obtained 
fuch a dephlogifticated muriatic acid by means of iron ; 
and from the yellow colour of the cork was led to fnp- 
pofe that the muriatic acid had been changed into the 
nitrous. If you make a mixture of manganefe, muria- 
tic acid, or diluted vitriolic acid, and alcohol ; and af- 
ter fome days digeftion diftil it by a gentle fire, no cf- 
fervefcence enfues : but the fpirit of wine goes over ; 
and, what is very remarkable, has a ftrong fmell of 
nitrous ether. 2d 7?3 

A new fait lias been produced by Mr Berthollet from New fait 
the union of dephlogifticated fpirit of fait with vege- refemblinj 
table alkali. This appears to be of the nitrous kind, nitreb r 
as having a cool taftc and detonating ftrongly in the^',, 1 '"" 
fire. The compound was in very fniall quantity, and 
feemed to require more pure air for its Cdmpofitfon than 
an equal bulk of acid. The greateft part of the fait 
produced was the common fait of Sylvius, or digeftive 
i.Jt, formed by a combination of the phlogifticated ma- 
rine 
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rine acid with alkali. Six parts of the dephlogifticated 
acid are required to give their air ro one of the fait. 
When the fixed alkali is employed, fume of the dephlo- 
gifticated acid efcapes with the pure air; and in gene- 
ral, when not expofed to a bright heat, the fait we fpeak 
of is formed. Some of the dephlogifticated acid re- 
mains in its proper form after the fait is made, and 
may be feparated by the volatile alkali. It is to be ob- 
ferved, that if the cauftic alkali be employed, and the 
foliuion much concentrated, even though not under the 
influence of a bright light (for it is the light which 
produces the extrication of the dephlogifticated air*), 
, a great cfflrvefcence will enfue, and a quantity of de- 
phlogifticated air efcape ; whence of confequence, little 
fait can be obtained. 

This fait is foluble in greater quantity in hot than in 
cold water; and not only detonates like nitre, but with 
much greater violence. The reafon is, that, like ni- 
tre, it not only contains dephlogifticated air, but has 
it in greater quantity ; an hundred grains of fait giving 
75 of air. Attempts have been made to procure gun- 
powder by means of this fait, but as yet they have been 
attended with little fuccefs. 

The other properties of this fait as yet difcovered 
are, that it (hoots into rhomboidal cryftals ; it does not 
precipitate mercury, filver, or lead, from their folu- 
tio-ns in nitrous acid ; and it gives out its air again in 
fuch a pure ftate as fcarcely to be paralleled in any other 
fubtlance. 

With the mineral alkali the dephlogifticated acid 
forms a deliquefcent fait, foluble in fpirit of wine ; and 
Which, even in a fluid ftate, detonates with burning 
charcoal. With lime, when fo far quenched thai the 
air in its interfaces is feparated, the dephlogifticated 
acid unites but weakly. It may be recovered from 
the lime, however, provided the light be obfeure, with 
very little lofs, and almoft unchanged. 

Marine Acid combined, 

I. With Vegetable Fixed Alkali. This combination is 
accidentally formed after the diltillatiou of volatile 
falts, by means of fait of tartar (fee Alkaline Salts). It 
was formerly known by the name of fa I digeflivus Syl- 
vii ; and a procefs for making it was inferted in the 
difpenfatories, under the name of fpirit us falis mari- 
ni coagulatus ; but as it has been found to polfefsno vir- 
tues fuperior, or even equal, to common fait, it is 
fallen into difufe. 

The cryftals of this kind of fait are not cubical, like 
thofe of common fait, but parallelopipeds, and if thrown 
into the fire crack and le ip about with violence, Th«y 
are foluble in greater quantity by hot water than cold ; 
and therefore are cryftallized by evaporating the folu- 
tion to a pellicle, and then letting it cool. — It is very 
remarkable, that though by a diredt combination of 
vitriolic acid with vegetable fixed alkali, the fait called 
vitriolated tartar is formed ; yet if this alkali is once 
faturated with fpirit of fait, fo as to form a fal digelli- 
vus, upon the decompofition of this fait by means of 
oil of vitriol, the refiduum of the diftillation will not 
be a vitriolated tartar, but a fair eafily foluble in water, 
and which bears a ftrong refcmblance to Glauber's 
fait. Whether, by means of fpirit of fea-falt, the 
vegetable alkali could be converted into the mineral, 
•r fait of foda, is a queftion well worthy of being folved. 
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II. With Minenal Alkali. This combination is the Marine 
common alimentary fait, and is never made but for ex- acid and 
periment's fake ; as the marine acid cannot be had but )ts com '" 
from fea-falt. For the extraction of this fait from fea- .. 
water, fee the article Salt. 795 

III. With Volatile Alkali. The produce of this com- Salammo- 
bination is the common fal ammoniac, which is nfed niac - 

in different arts, and which has the property of making 
tin unite very readily with iron and copper, fo is much 
ufed by copperfmiths and in the manufactory of tinned 
iron. 

Sal ammoniac is ufually fold in large femi-tranfparent 
cakes, which are again capable of being fublimed into 
maffesof the like kind. If they are dilfolved in water, 
the fait very eafily fhoots into fmall cryftals like fea- 
thers. Expofed to a moift air, it deliquates. It is one 
of the fairs which produces the moft cold by its folu- 
tion ; fo as to fink the thermometer 18 or 20 degrees, 
or more, according to the temperature of the atmo- 
fphere. According to Mr Gellert, a folution of fal 
ammoniac has the property of diffolving refins. Ac- 
cording to Neumann, the volatility of fal ammoniac is 
fo much diminiflied by repeated fublimations, that at 
laftit remains half fluid in the bottom of the fublime- 
ing veffel. In its natural ftate, it fublimes with a de- 
gree of heat neceflary to melt lead. Pott fays, that a 
fmall quantity of fal ammoniac may be produced by 
diftilling fea-falt with charcoal, or with alum, or by 
diftilling marine acid with Armenian bole. The fame 
author affirms, that the inflammability of fulphur is de- 
ftroyed by fubliming it with twice its quantity of fal 
ammoniac. g 

The method of making this fait was long unknown ; How made- 
and it was imported from Egypt, where it was faid 
to be prepared by fublimation from foot alone, or 
from a mixture of fea-falr, urine, and foot. That it 
Ihould be produced from foot alone is very impro- 
bable; and the other method, from the known prin- 
ciples of chemiftry, is abfolutely impoffible. The 
compofition of this fait, however, being once known,. 
there remained no other defideratum than a method 
of procuring thofe competent parts of fal ammoniac 
fufficiently cheap, fo as to afford fal ammoniac made 
in Britain at a price equally low with what was im- 
ported. The volatile alkali is to be procured in plenty 
from animal fubftances or from foot ; and the low 
price of the vitriolic acid made from fulphur affords 
an eafy method of decompoling fea-falt, and obtaining 
its acid at a low rate. A fal ammoniac work has, ac- 
cordingly, been eftablithed for ftveral years paftin Edin- 
burgh ; the principal material made choice of for pro- 
curing the volatile alkali is foot ; and though no per- 
fons are admitted to fee the work, the large quantities 
of oil of vitriol brought into it, and the quantities of 
genuine fal mirabile which are there made, evidently 
fhow that the procefs for making fal ammoniac alfo 
produces Glauber's fait, by the decompofition of com- 
mon fait by means of vitriolic acid. The method of 
conducting the procefs is unknown; but it is plain 
that there can be no other difficulty than what arifts 
from the volatility of the vapours of the alkali and of 
the marine acid. In the common way of diftilling thofe 
fubftances, a great part of both is loft ; and if it is at- 
tempted to make fal ammoniac by combining thefe 
two when diftilkd by the common apparatus, the pro- 
duce 
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will not pay the Cod; a little ingenuity, how- 
ever, will taiily fug rma and mate- 
For diJlilling-vellels, by which the marine acid 
lactic alkali may be united without loling a par- 
ticle of cither. 

If a folunon of vitriolic or Glauber's fecrct fal am- 
moniac is mixed with fea-falt, the vitriolic acid feizes 
the alkaline balis of the fea-falt, and expels the marine 
acid; which immediately unites with the volatile alkali 
left by the vitriolic acid, and forms a true fal ammo- 
niac. If this folution is now evaporated to drynefs, and 
the faline mafs fublimcd, the fal ammoniac riles, and 
a combination of vitriolic acid and mineral al- 
kali at the bottom. This fixed mafs being diffolved, 
filtered, and evaporated, affords Glauber's falts. This 
has fometimes been thought a preferable method of 
making fal ammoniac, as the trouble of diflilling the 
marine acid was thereby prevented ; but it is found 
vaflly inconvenient on another account, namely, that 
when fal ammoniac is mixed with any fixed fait, it is al- 
ways more difficult of fublimation, and a part of it 
even remains entirely fixed, or is deftroyed. The mafs 
of Glauber's fait alio, by reafon of the inflammable 
and oily matter contained in impure volatile alkalies, 
is partly changed into a fnlphureous mafs, fo that the 
folution refufes to cryftallize ; at leaft the operation is 
attended with intolerable trouble 

IV. With Earths. The combinations of this acid 
ammoniac, with earths of any kind have never been found applica- 
ble to any purpofe, and therefore they are feldom made 
or inquired into. The combination with calcareous 
earth is indeed pretty frequently made accidentally, in 
the diitillation of volatile alkali from fal ammoniac 
by means of chalk or quicklime. When melted in 
a crucible and cooled, it appears luminous when 
ftruck, and has been called phojphorus fcintillans. See 
799 Earths. 
Solution of V. With Gold. The marine acid has no action on 
gold in fpi- gold in its metallic (late, in whatever manner the acid 
lit of Lit. hi- applied; but if the metal is prcvioully attenuated, 
or reduced to a calx, either by precipitation from aqua- 
regis or by calcination in mixture with calculable me- 
tals, this acid will then perfectly dilfolve, and keep it 
permanently fufpended. Gold, precipitated from aqua- 
reg's by fixed alkalies, and edulcorated by repeated 
ablutions, may be dillblved even in a very weak fpirit 
of fait by moderate digeflion. This folution appears 
of the fame yellow colour as that made in aqua-regis; 
gives the purple ftain to the fkin, feathers, bones, 
and other folid parts of animals; the fame violet ftain 
to marble ; and Itrikes the fame red colour with tin. 
Even when common aqua-regia is made ufe of for the 
mcnltruum, it feems to be chiefly by the marine acid 
in that compound liquor that the gold is held in folu- 
tion. In diftillation the nitrous acid arifes, and the 
marine acid remains combined wi;h the gold in a blood- 
red m ifs, fofible. like molt of the combinations of me- 
tallic bodies with this acid, in fpirit of wine. If, to- 

is the end of the diftillation, the fire is 

railed, part of the gold diftils in a high faffron-coloured 

liquor; and part fublimes into the neck of the retort 

in c'mftcrsof long (lender cryftalsof a deep red colour, 

.c in a (null heat, dtliquating in the air, and eafily 

i^e in water. By repetitions of this procels the 

le of the gold may be elevated, except a fmall 
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quantity of white powder whofe nature is not known. Mannc 
— This red fublimate of gold is bid to be ealily fufiblc KidaaA 
with the heat of one's hand, and to be fliow 11 by the Ks f *** - 
Fapifls for the blood of St Januarius ; the fuhlimate V' L '"j 
contained in a phial, being warmed by the hands of 800 
the pricfts who hold it, conititutcs the miracle of that l'lood of St 
faint's blood melting on his birth-day. JinuiriM. 

VI. With Silver. Strong fpirit of fait corrodes lcaf- 
filver inio a white powder, but has no effect on filings 
or larger mailcs of the metal. If applied in the form 
of vapour to mafles of filver, and flrongly heated at 
the fame time, it readily corrodes them. Thus, if filc- 
ings, grains, or plates, of filver are mixed with about 
twice their weight of mercury fublimate, and expofed 
to a moderate fire, in a retort, or other diflilling vefTel, 
a part of the marine acid in the fublimate will be fcpa- 
rated and unite with the filver, leaving the mercury 
to arife in the form of merenrius dulcis. Marine acid 
is commonly fuppofed to be incapable of diflblving fil- 
ver into a liquid ftate; but Henckel relates, that if red 
filver ore, which confifts of filver intimately mixed 
with red arfenic, be digefted in fpirit of fait, the fil- 
ver will be extracted and kept permanently dilfolved. 

The combination of marine acid with filver is called j una cor* 
iuna cornea. The moft ready way of preparing it is by nea. 
dilfolving filver in the nitrous acid, and then adding 
fpirit of lair, or a folution of fea-falt, when a precipitat on 
ioftantly enfues ; the marine acid expels the nitrous, 
and uniting with the filver, falls to the bottom in 
form of a white powder. The fame precipitation 
would take place, if a folution of filver was made in the 
vitriolic acid. g ^ 

Luna cornea weighs one-fourth more than the filver Its proper* 
employed ; yet, when perfectly vvalhed, it is quite in- ties, 
fipid to the tafte. It docs not diffolve in water, fpi- 
rit of wine, aqua-fortis, or aqua-regis; but is in fome 
fmall degree acted upon by the vitriolic acid. It 
melts in the fire as loon as it grows red-hot; and, on 
cooling, forms a ponderous brownifh mafs, which be- 
ing caft into thin plates, becomes femitranfparent, and 
fomewhat flexible, like horn ; whence its name luna 
cornea. Aftrongerfire does not expel the acid from 
the metal, the whole concrete either fubliming entire, 
or palling through the crucible. It totally diflblves in 
volatile alkaline fpirits without any feparation of the 
metal. Expofed to the fire in a clofe copper vefTel, 
it penetrates the copper, and tinges it throughout of 
a filver colour. Knnckel obferves, that wh<n carefully 
prepared, melted in a glafs vefTel, and fuffered to 
cool flowly, to prevent its cracking, it proves clear 
and tranfparent; and may be turned into a lathe and 
formed into elegant figures. He fuppofes this to be 
the preparation which gave rife to the notion of mal- 
leable glafs. 

VII. With Copper. In the marine acid, copper dif- 
lblves but flowly. The folution, if made without heat, 
appears at firft brou n ; but, on Handing for fomc time, 
depofits a white fediment, and becomes green. On 
adding frefh copper, it becomes brown again, and now 
recovers its greennefs m<>rc flowly than before. The 
white fediment, on being barely inched, proves pure 
and perfect copper of the fan e colour as at firft. Cop- 
per calcined by fire communicates a reddiih colour to 
this acid. 

VIII, With Ira:. The marine acid acts upon iron 
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lefs vehemently riian the nitrous, and does not diilblve 
(0 much j nevertheless, it attacks the metal briikly, fo 
as to raife considerable heat and eltervefcence, ana dil- 
folve it into a yellow liquor. During the folution, an 
inflammable vapour arifes as in the folution of this me- 
tal by vitriolic acid. This folution of iron does not 
cryftallize. If it is evaporated, it leaves a greenilh 
falinemafs, which is foluble in fpirit of wine, and runs 
in the air into a aflringent yellow liquor. On di- 
ftillation, fome of the acid feparates, and towards the 
end of the operation the fpirit becomes yellow. This 
is followed by a yellowifh, or deep reddifh fublimate, 
which gfiftens like the fcales of fifties ; leaving be- 
hind a fubftance which confiSts of thin, gloffy plates, 
like talc. 

The folution of iron in fpirit of fait, with the addi- 
tion of fome fpirit of wine, is ufed in medicine as a 
corroborant, underthe name of tinclura itiartis. The 
fublimate of iron is alfo ufed for the fame purpofe, 
and called ens veneris, or flores martiales. It is com- 
monly directed to Ije prepared by fubliming iron fi- 
lings and fal ammoniac together. In the procefs, the 
fal ammoniac is partly decomposed, and a cauftic al- 
kaline liquor diftils. Then the undecompofed fal am- 
moniac, and the martial fublimate abovementioned, 
arife together. The fublimate has a deeper or lighter 
yellow colour, according as it contains more or lefs iron. 
The name ens veneris is improper. It was given by Mr 
Boyle, who difcovered this medicine. He imagined it to 
be a preparation of copper, having made ule of a colco- 
thar of vitriol containing both iron and copper. A me- 
dicine of this kind was lately fold with great reputation 
on the Continent, under the name of Bejhichefs nervous 
tintfure. It was introduced by M. Beftuchef Field Mar- 
fhal in the Ruffian fervice : but not long after it came 
into vogue in Pruffia and other northern kingdoms of 
Europe : it made its appearance alfo in France, under 
the name of General de la Motte' s golden drops. This 
happened through the infidelity of Beftuchef's opera- 
tor, who, for a fum of money, violated the oath of 
fecrecy he had taken to Beftuchef, and difcovered the 
fecret to de la Motte. To the latter it proved a very 
valuable acquifition ; for he not only procured a pa- 
tent for it from the king of France in 1 730, with the 
exclulive privilege of felling it, but had a handfome 
peniion fettled upon him ; felling his medicine belides 
a half a Louis d'or per phial. 

The attention of the public was particularly drawn 
to thefe drops, by their remarkable property of loling 
their yellow colour in the fun, and regaining it in 
the lhade, which induced many to believe that they 
contained gold ; and in which opinion they were en- 
couraged by de la Motte. Even chemifts of no little 
reputation were deceived by this appearance ; and M. 
Beaume, imagining he had difcovered the fecret, pub- 
lished a preparation to the world as the true arcanum 
of la Motte's drops. It confifted of a calx of gold 
precipitated from aqua-regia by means of fixed al- 
kali, and rediflblved in nitrous acid, to which was ad- 
ded a large quantity of fpirit of wine. Others, how- 
ever, who could find nothing but iron by an analylis 
of the drops, refufed their affent ; and at length, in 
1 780, M. Beaume's miftake was made evident by the 
publication of the procefs at the defire of the emprefs 
of RulTia, who gave 3000 rubles for the receipt. The 
original recipe is perplexed, tedious, and expenfi.ye ; 



bat when deprived of its fuperfluous parts, is nearly Marine 
as follows. Six pounds of common pyrites ar.d twelve acid and 
of corrolive fublimate are to be triturated together, ,ts comlH - 
and then fublimed fix or eight times till all the mer- " atlon - A 
cury is expelled. The refiduum is to be boiled three 
times with thrice its quantity of water, and as often 
filtered, and laftly, diltilled to drynefs. By increa- 
sing the fire, a martial fait is at laft fublimed into the 
neck of the retort ; to three drachms of which are to 
be added 12 ounces of highly rectified fpirit of wine, 
and the whole expofed to the rays of the kin. This is 
the yellow tincture ; but there was alfo a white one, 
which, however, feems to be but of little value. It is 
made by pouring on the refiduum of the laft fublima- 
tion twelve pounds of highly rectified fpirit of wine, 
and drawing it off by a gentle diftillation after a few , t f, g g 
days digeftion. — Mr Klaproth imagines, from the fol- Suppofedto 
lowing experiment, that BeStnchef's tincture abforbs abforb 
phlogiston from the rays of the fun. He poured a phlogifton 
few drops of a folution of tartar into two ounces of froni the 
diftilled water, and divided this into two parts. Into sra y?» 
one glafs having poured a few drops of the tincture 
that had not been expofed to the fun, the iron Mas 
precipitated in the ufual foun of a yellow ochre; but 
on treating in the fame manner a portion of the tinc- 
ture that had been expofed to the Solar rays, the pre- 
cipitate fell of a bluiih green colour. 809 

IX. With Tin. Though the concentrated marine acid Solution «f 
has a greater attraction for tin than any other acid, it tin - 
does not readily diilblve this metal while the acid is in its 
liquid ftate ; but may be made to difTolve it perfectly 
by the addition of a fmall quantity of fpirit of nitre. 
Neumann obferves, that an ounce of fpirit of fait, with 
only a fcruple of fpirit of nitre, diflblved tin perfectly: 
but on inverting the proportions, and taking a fcruple 
of marine acid to aH ounce of the nitrous, four Scru- 
ples, or four and an half, of tin, were diffolved into a- 
thick pap; fome more of the marine acid being gra- 
dually added, the whole was diifolved into a clear li- 
quor. In making thefe Solutions, a Small quantity oS 
black matter ufually SubSides. 

The Solution of tin is Sometimes colourlefs ; Some- 
times of a bluifh, or yellow colour, according to dif- 
ferent circumflances of the procefs. It is of the 
greateft confequence i-n dyeing, by not only heighten- 
ing the colours, but making them more durable (See 
Dyeing). It Shoots into Small crystals ; and, if in- 
Spi (Sated, deliquates in the air. g I0 . 

Marine acid in it;-, concentrated State volatilizes tin, Smoking 
and forms with it a thick liquor, which, Srom its in- liquor of 
ventor, is called fvioking liquor of Libavius. To pre- Libavits.. 
pare this Smoking liquor, an amalgam muft be made 
of Sour parts oS tin and five of mercury. This amal- 
gam is to be mixed with an equal weight of corro- 
sive mercury, by triturating the whole together in 
a glafs mortar. The mixture is then to be put into a 
glafs retort, and the diftillation performed with a fire 
gradually increafed. A very Smoking liquor pafles 
into the receiver ; and towards the end of the diftil- 
lation, a thick, and even concrete matter. When 
the operation is finifhed, the liquor is to be poured 
quickly into a cryftal glafs-bottle, with aglafs ftopper. 
When this bottle is opened, a white, copious, thick, 
the poignant fume iffues, which remains long is the 
air without difappearing. 

The acid in ihis liquor is far from being Saturated^ 
P aad. 
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diluted with much water, molt of 

the m in light white flocks. In dyeing, 

is fohition of" tin made in 
i ty. If the diltillation is continued al- 

ter the fmoking liquor of Libavias has come over, the 
mercury of the corrolivc fublimate will then arife in its 
rm. 

X. WithLead. Marine acid, whether in its concen- 
trated or diluted ftate, has little effect upon lead, ualefs 

heat. Iffpirit of fait is poured on filings of 
lead, and the heat is increafed fo as to make the li- 
quor boil and dillil, a part of the acid will be retained 
by the metal, which will be corroded into a falinc 
mafs ; and this, by a repetition of the procefs, maybe 
diflblved into a limpid liquor. If lead is diflblved in 
aquafortis, and fpirit of fca-falt, or fea-falt itfclf, ad- 
ded, a precipitation of the metal enfues ; but iffome 
aqua-regia is added, the precipitate is rediflblved. 

The combination of lead with marine acid, has, 
when melted, fome degree of t ran (pare iuv and llcxi 
bility like horn ; whence, and from its refemblancc to 
luna cornea, it is called plumbum cwneum. This iub- 
ilance is ufed in preparing phofphorus, according to 
Mr MargraaPs method. 

XI. With Qukkfihtr. Marine acid in its limpid 
ftate, whether concentrated or diluted, has no i 
upon quicklilvcr, even when affiled by a boiling heat ; 
but if mercury is diflblved in the vitriolic or nitrous 
acids, and fea-falt, or its fpirit, is added to the folu- 
tion, it immediately precipitates the quicklilver in the 
fame manner as it does filver or lead. If concentra- 
ted marine acid, in the form of vapour, and lirongly 
heated, meets with mercury in the lame ftate, a very 
intimate union takes place ; and the produce is a molt 
violent corrolivc and poilbuous fait, called con 

try. This fait is foluhle, though fpa- 

j : i rly, io water ; but is far from being perfectly faui- 

with mercury ; for it will readily unite with al- 

it of freih quicklilver, and fublime 

with it into a folid white mafs (which, when leviga- 

.\ iili colour) called mcrcurius dulcis, 

me J. 

been many different ways of preparing 

methods of c , . recommended by different chemifts. 

making N aann mentions no fewer than ten. i.Frommer- 

, common fait, nitre, and vitriol. 2. From mer- 

. and vitriol. 3. Mercury, common 

litre. 4. Solution ot mercury in 

:. 5. Sol iti »n of mercury in a- 

. And fpirit of fait, or the white precipitate. 

nitre, and oil of vitritft. 

ith mineral, and common fait. 8. 

1 fait, and oil of vitriol. 9. E- 

.,1, and fpirit of fait. 10. Mer- 

I of vitriol. 
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and as this lion MMm 

king life 01 the nit: 

ied that this acid, "' 
p< i,;i\ e oi the three, might be 
thrown out of the procefs altogether, and the fublimate 
be more conveniently made by direcHv c< mbiuing ma« 

ilar to the 
ftillation of fpirit of fait. This method was formerly 
recommended by Kunckel ; then published in the bm • 
moirs of the Academy ot Sciences for 17,0; and 
been adopted and recommended byDr L* 

The proccis conlifts in dillblving mercury in the vi- 
triolic acid, as directed (or making turbith mineral. 
The white mafs remaining on the cxliccation of this 
fohition is to be triturated with an equal weight of 
dried fait, and the mixture is then to be fublimed in 
afand-heat; gradually increaling the fire till nothing 
more arifes. g,g 

Neumann obferves, that there is a coniiderable dif- Differences 
ferencc in the quality of fublimates made by the dil- of quality. 
ferent methods he mentions; particularly in thole 
made with or without nitre. This wc have alfo 
found to be the cafe ; and that iublimate made with* 
out the nitrous acid is never fo corrolive, or foluble in 
water, as that which is made with it : nor will it af- 
terwards take up fo large a quantity of crude mercury 
as it otherwise would, when it is to be formed into 
calomel. The above procefs, therefore, tho' very con- 
venient and cafy, is to be rejected; and fome other 
in which the nitrous acid is ufed, fubftituted in its 
(lead. The reafon of thefe differences is, that the fpi- 
rit of fall mult by fome means or other be dcphlogi- 
fticated before it can unite in fufficient quantity with 
the metal, into the compound defired, which isaccom- 
plilhed by the addition of nitrous acid. 

From Tachenius, Neumann gives us the following 
procefs, which lie fays was the method of making 
fublimate at London, Venice, and Amfterdam. Two 
hundred and eighty pounds of quickfilver, 400 pounds 
of calcined vitriol, -200 pounds of nitre, the fame 
quantity of common fait, and 50 pounds of the caput 
aortuum remaining after a former fublimation, or 
(in want of it) of the caput mortuum of aquafortis, 
making, in all, 1130 pounds, are well ground, and 
mixed together; then fet to fublime in proper glades 
placed in warm allies, the fire is increafed by degrees, 
and continued for live days and nights. In the making 
fuch large quantities, he fays, fome precautions art 
necelfary, and which thofe eonftantly employed here- 
in are beft acquainted with. The principal are, 
the due mixture of the ingredients, which in fome 
places is performed in the fame manner as that of 
the ingredients for gun-powder: that a head and 
receiver be adapted to the fubliming glafs, to fave 
fome fpirit of nitre which will come over. (Here 
a bent tube of glafs will anfu cr the purpofe, as al- 
ready mentioned). The (ire mult not be raifed too 
haftily. When the fublimate begins ;o form, the 
allies mult be removed a little from the fides of the 
. or the glafs cautioudy raifed up a Hide from 
the afhes. (Thislaft, wc think, is highly imprudent.) 
Laftiy, the laboratory mud have a good chimney, ca- 
pable of carrying off the noxious fumes. The above- 
mentioned quantities commonly yield 360 pounds of 
fublimate; the 280 pounds of quicklil. < r 80 

from the 200 pounds of fea-falt. The makers o( 
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limate in France, he fays, employ, in one operation, 
only 20 pounds of mercury. This they diiiolve in 
aquafortis, evaporate the folution to drynefs, mix the 
dry matter with 20 pounds of decrepitated feu-falt 
and 60 of calcined vitriol, and then proceed to llibli- 
mution. 

The above procelles, particularly the laft, are un- 
exceptionable as to the production of a fublimate per- 
fectly corrolive; but the operation, it is evident, muit 
be attended with conliderable difficulty, by reafon of 
the large quantity of matter put into the glafs at once. 
Wc muff remember, that always on mixing a volatile 
fait with a quantity of fixed matter, the fublimation 
of it becomes more difficult than it would have been 
had no Inch matter been mixed with it. It is of 
conliderable confequence, therefore, in all fublima- 
tions, to make the quantity of matter put into the 
glafs as little as pofllble*. It would feem more pro- 
per, inftead of the calcined vitriol ufed in the pro- 
cefl'es laft mentioned, to diiiolve the mercury in 
the vitriolic acid, as directed in turbith mineral, 
and fublime the dry mafs mixed with nitre and fea- 
filt. 

It has been faid, that corrofive fublimate mercury 
was frequently adulterated with arfenic ; and means 
have even been pointed out for detecting this fuppo- 
fed adulteration. Thefe means are, to diiiolve a little 
of the fufpected fait in water, and add an alkaline 
lixivium to precipitate the mercury. If the precipitate 
was of a black colour, it was faid to be a certain fign 
of arfenic. This, hovvever, lliows nothing at all, but 
that either the alkali contains fome inflammable mat- 
ter, which, joining with the precipitate, makes it ap- 
pear black ; or that the fublimate is not perfectly cor- 
rolive ; for if a volatile alkali is poured on levigated 
mercurius du/cis, the place it touches is inftantly turned 
black. 

Mercurius dulcis, or calomel, is prepared by mixing 
equal parts, or at leaft three of quickfilver with four 
of fublimate ; after being thoroughly ground together 
in a glafs or ftone mortar, they are to be poured 
through a long funnel into a bolt-head, and then fub- 
limed. The medicine has been thought to be im- 
proved by repeated fublimatious, but this is found to 
be a miitake. Mr Beaume has found that mercu- 
rius dulcis cannot be united with corrofive fublimate 
in the way of fublimation; the former, by reafon of 
its fuperior volatilhy, always rifes to the top of the 
velTel. 

XII. With Zinc. This femimetal diflolves readily 
in the marine acid into a tranfparent colourlefs liquor. 
It is volatilized, as well as moil other metallic fubitan- 
ces by this combination, as appears from the follow- 
ing procefs delivered by Neumann. 

" Equal parts of filings of zinc and powdered fal 
ammoniac being mixed together, and urged with a 
gradual fire in a retort ; at firft arofe, in a very gentle 
heat, an exceffively penetrating volatile fpirit, fo ftrong 
as to ftrike a man down who fhould inadvertently re- 
ceive its vapour freely into the nofe. This came over 
in fubtile vapours, and was followed by a fpirit of fait 
in denfe white fumes. In an open fire, white flowers 
fucceeded ; and at length a reddilh and a black butter. 
In the bottom of the retort was found a portion of the 



zinc in its metallic form, with a little ponderous and Marine 
fixed bntyraccotis matter which liquefied in the air. acid arid . 
The lump was far more brittle than zinc ordinarily is; lts ccn ^ J1 " 
of a reddilh colour on theoutlide, and blachifh within. .' a ' y '" - 
The bottom of the retort was variegated with yellow 
and red colours, and looked extremely beautiful. The 
remaining zinc was mixed afreih with equal its weight 
of fal ammoniac, and the procefs repeated. A vola- 
tile alkaline fpirit and marine acid were obtained as 
at firft ; and in the retort was found only a little black 
matter. When the zinc was taken at firft in twice the 
quantity of the fal ammoniac, the part that prefer ved 
its metallic form proved lefs brittle than in the forego- 
ing experiment, and the retort appeared variegated in 
the fame manner. On endeavouring to rectify the 
buttter, the retort parted in two by the time that one 
half had diftilled." The nature of this combination is 
unknown. g 2 i 

XIII. With Regulus ofAiitiviony. This femimetal can- Butter of 
not be united with the marine acid unlefs the latter is antimony, 
in its molt concentrated ftate. The produce is an 
exceffively cauflic thick liquid, called butter of ' autimo* 
ny. The procefs for obtainining this butter is fimilar 
to that for diftilling the fmoking fpirit of Liba- 
vius. Either crude antimony, or its regulus, may 
be ufed : for the fpirit of fait will attack the reguline 
part of this mineral without touching the fulphureous. 
Three parts of corrofive fublimate are to be mixed 
with one of crude antimony ; the mixture to be di- 
gefled in a retort fet in a fand-heat ; the marine acid 
in the fublimate will unite with the reguline part of 
the antimony. Upon increafing the fire, the regulus 
arifes, diflblved in the concentrated acid, not into a li- 
quid form, but that of a thick unctuous fubltance like 
butter, from whence it takes its name. This fub- 
flance liquefies by heat, and requires the cautious ap- 
plication of a live coal to melt it down from the neck 
of the retort. By rectification, or expofure to the 
air, it becomes fluid like oil but ftill retains the name 
of butter. If water is added to butter of antimony, 
either when in a butyraceous form, or when become 
fluid by rectification, the antimony is precipitated in a 
white powder called powder of algaroth, and improperly 
mercurius vita. This powder is a violent and very un- 
fafe emetic. The butter itfelf was formerly ufed as a 
cauftic ; but it was totally neglected in the prefent 
practice, until lately that it has been recommended as 
the mofl proper material for preparing emetic tartar. 
(See below.) Mr Dollfufs recommends the following 
method as the belt for making butter of antimony ; 
viz. two ounces and a quarter of the grey calx of an- 
timony, eight ounces of common fait, and fix of acid 
of vitriol. By diftilling this mixture, ten ounces of 
the antimonial cauflic were obtained ; and in order to . 
determine the quantify of metal contained in if, he 
mixed two ounces of the.cauftic with four ounces of 
water ; but thus fuch a ftrong coagulum was formed, 
that he was not able to pour off any of the water even 
after Handing 24 hours. The precipitate, when care- 
fully dried, weighed 50 grains. . The refult was much 
the fame when glafs of antimony was ufed, only that 
the precipitate was much more confiderable , half an 
ounce of the cauflic then yielding 60 grains, thouo-h ac 
another time only 50 grains were obtained. In the re • 
P 2 fiduurn 
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.1 of the former experiment he found 30 gmns of 
tance, chiefly 1 combinatioa «r ealcare. 

.rth with muriatic acid. 
en the mercuries vit.c precipitates, the union be- 
tween the marine acid and regal us is totally diflbked ; 
icr, by frequent warnings, becomes pcr- 
frce from every particle of acid, which unites 
with the water made aie or, and is then called very 

. o/bphk /'pint of vitriol. 

XI V. With Regulm »} Cobalt. Pure fpirit of fait dif- 

(emimctal-into a reddifh yellow liquor, which 
immediate 1 ) becomes green from a very gentle warmth. 
On faturating the folution with urinous lpirits, the 
precipitate appears at fifft white, but afterwards be- 
comes blue, and ai length yellow. If the nitrous acid 
is added to folutions of regtilus of cobalr, they alfume 
9 deep emerald green when moderately heated, and on 
cooling become red as at firft. Duly evaporated, they 
yield rofe-colourcd cryftals, which change their colour 
by heat in the fame manner. This folution makes a 
curious fympathetic ink, the invention of which is 
commonly nfcribed to M. Hellot, though he himfelf 
acknowledges that he received the fir ft hint of it from 
a German chemift in 1736. Any thing wrote with 
this folution is invilible when dry and cold ; but af- 
fnmes a fine green colour when warm, and will again 
difappear on being cooled ; but if the heat has been 
too violent, the writing (till appears. M. Hellot ob- 
ferves, that if nitre or borax be added to the nitrous 
folution, the characters wrote with it become rofe- 
colourcd when heated , and if fea-falt is afterwards 
pallid over them, they become Hue ; that with alkali 
fuificicnt to faturate the acid, they change purple and 
red witli heat. — A blue fympathetic ink may be made 
from cobalt in the following manner. Take of an 
earthy ore of cobalt, as free from iron as poffible, one 
ounce. Bruife it, but not to too fine a powder. Then 
put it into a cylindrical glafs, with 16 ounces of diftil- 
led vinegar, and fet the mixture in hot (and for the 
fpace of fix days, ftirring it frequently ; or clfe boil it 
directly till there remain but four ounces. Filter and 
evaporate it to one half. If your folution be of a rofe 
colour, you may be certain that your cobalt is of the 
right fort. A red brown colour is a fign of the folu- 
tion containing iron; in which cafe the procefs fails. 
To two ounces of the folution thus reduced, add two 
drachms of common falt.-*~Set the whole in a warm 
place to didblve, and the ink is made. 

XV. With Regulus of Ar feme. This fubftance is 
foluble in all acids ; but the nature of the compounds 
formed by fuch an union is little known. If half a 
pound of regulus is diftilled with one pound of corro- 
five fublimate, a thin fmoking liquor and a butyrace- 
ous fubftance will be obtained, as in making the fmo- 
king liquor of Libavius. By repeated rectifications, 
this butter may be almoft all converted into fpirit. If 
equal parts of the arfenic and fublimate are ufed, a pon- 
derous black oil comes over along with the fpirit, which 
cannot be mixed with it. By rectification in a clean 
retort they will become cleafe-, but ftill will not incor- 
porate. If they are now returned upon the red mafs 
remaining in the firft retort, and again diftilled, a 
much more ponderous oil than the former will be ob- 
tained. 

XVI. Wit 8 Infatnmabl; Suijlanccs. The acid of fea- 



falt is very little difpofed to contract any union with Marine 
the p while in a liquid ft ue ; and much lefs acul 

ft, even in its moll concentrated ftate, than cither the ,tI conibl " 
vitriolic or nitrons. Mr Beaume, however, has found, "' ' - 

that a (mall quantity 01" eilicr, fimilar to that prepared 
with the vitriolic and nitrous acids, may be obtained 
by cauling the fumes pf the marine acid unite with 
thofe of fpiiit of wine. Others, and particularly fome 
German Chemifts, attempted to make this liquor, by 
employing a marine acid previoully combined with me- 
tallic fubftances, fuch- as butter of antimony. The 
fmoking liquor of. Libavius fucceeds belt. If equal 
parts of this liquor and highly rectified fpirit of 
wine are diftilled together, a considerable quantity of 
true ether is produced ; but which, like the vitrio- 
lic and nitrous ether, muft be rectified in order to its 
greater purity. The tin contained in the fmoking li- 
quor is leparated and precipitated in white powder. In 
this procefs, the acid is probably more difpofed to 
unite with the fpirit of wine, by having already be- 
gun to combine with the inflammable principle of the 
metal. — For marine ether, Mr Dollfufs recommends to 
put into a retort four ounces of digeftive fait previouf- 
ly well dried and powdered, and two ounces of man- 
ganefe ; pouring upon this a mixture of five ounces of 
fpirit o{ wine and two of oil of vitriol ; the firft five 
ounces and a half of the diftilled liquor being poured 
back on the refiduum, and the whole afterwards drawn 
off by a gentle heat. The fpirit of fait thus obtained 
had a very penetrating agreeable odour, fomewhat like 
that of nitrous ether ; and at firft fwam upon the top 
of water ; but at length mixed with it on being agi- 
tated for a long time. Towards the end of the diftil- 
lation a little oil was obtained, which did not mix 
with the water; and by the addition of four ounces 
more of fpirit of w ine, moTe of the dulcified acid was 
obtained. With regard to this kind of ether, however, 
Mr Weftrumb denies that it can be made by any me- 
thod hitherto known ; and infifts, that all the liquids 
as yet produced under the name of marine ether are 
in reality dulcified fpirit of fait, and not true ether, 
which will fvvim on the top of water. g 2 , 

Dr Prieftley has obferved, that the pure marine acid, Attradioa 
when reduced to an invilible aerial ftate, has a ftrong forphlogif- 
affinity with phlogifton ; fo that it decompofes many ton « 
fubftances that contain it, and forms with them an air 
permanently inflammable. By giving it more time, it 
will extract phlogifton from dry wood, crufts of bread 
not burnt, dryflefh; and, what is ftill more extraordi- 
nary, from flints. From what has been above related, 
it appears that the dephlogifticated fpirit of fait has a 
very ftrong attraction for phlogifton. 

EUential oil of mint abforbed the marine acid air 
pretty faft, and prefently became of a deep brown co- 
lour. When taken out of this air, it was of the con- 
fiftenceof treacle, and funk in water, fmelling different- 
ly from what it did before ; but ftill the fmell of the 
mint was predominant. Oil of turpentine was alfo 
much thickened ; and became of a deep brown colour, 
by being faturated with acid air. Ether abforbed the 
air very faft ; and became firft of a turbid white, and 
then of a yellow and brown colour. In one night a 
con f.derable quantity of ftrongly inflammable air was 
produced. 

Having once faturated a quantity of ether with acid 

air, 



Practice . 



CHEMISTRY. 



117 




ad 8aj 
TNew acid 
•dtfcovered 
by Mr 

Hombcrg. 



8z6 
Firft difeo- 
vered by 
Mr Mar- 
graaf. 

827 
How pre- 
pared. 



air, he admitted bubbles of common air to it, through 
the quicklilver by which it was confined, and ob- 
ferved that white fumes were made in it, at the en- 
trance of every bubble, for a confiderable time. Ha- 
ving at another time, faturated a fmall quantity of 
ether with this kindof air, and the phial which contain- 
ed it happenning to be overturned, the whole room 
was inftantly filled with a white cloud, which had 
very much the fmell of ether, but peculiarly offenfive. 
Opening the door and window of the room, this light 
cloud filled a long paflage and another room. The 
ether, in the mean time, was feemingly all vani (li- 
ed : but, fometime after, the furface of the quicklil- 
ver in which the experiment had been made was co- 
vered with a very acid liquor, arifing probably from 
the moifture in the atmofphere, attracted from the acid 
vapour with which the ether had been impregnated. 
This feems to fhow, that however much diipofed 
the marine acid may be to unite with phlogiftic mat- 
ters when in its aerial Hate, the attraction it has for 
them is but very flight, and ftili Inferior to what it has 
for water. 

Camphor was prefently reduced into a fluid ftate by 
imbibing this acid air ; but there feemed to be fome- 
thing of awhitiih fedimen in it. After continuing 
two days in this fituation, water was admitted to it, 
upon which the camphor immediately refumed its for- 
mer folid ftate ; and to appearance was the fame fub- 
ftance that it had been before. 

Strong concentrated oil of vitriol, being put to ma- 
rine acid air, was not at all affected by it in a day and 
a night. In order to try whether it would not have 
more power in a condenfed ftate, it was comprcfled 
with an additional atmofphere ; but, on taking off this, 
the air expanded again, and was not in the leaft di- 
miniflied. A quantity of ftrong fpirit of nitre was alfo 
put to it without any fenfible effect.. From theie laft 
experiments it appears, that the marine acid is not able 
to difloge the other acids from their union with water. 

Befides the acids already mentioned, Mr Homberg 
defcribes an artificial one generated by mixing two 
ounces and a half of luna cornea, with an ounce and 
a half of tin calcined alone and without addition, by 
means of fire. The mixture is to be expofed to a 
naked fire in a coated retort, of which two-thirds ought 
to be left empty ; when a brownifh matter, an ounce 
and a half in weight, will adhere to the neck of the 
retort. This matter is tin combined with the marine 
acid, and the refiduum is lilver deprived of the fame 
acid, which may therefore now be melted together 
without any lofs. The fublimate, well powdered and 
dried, is to be equally divided into two phials, and 
fublimed; by repeating which operation two or three 
times, a volatile fait, of an acid nature, very white and 
tranfparent, is obtained. The refiduum of ihefe fubli- 
mations is always calx of tin. 

§ 4. Of the Fluor Acid. 

This acid was difcovered fometime ago by Mr Mar*. 
graaf, and more fully investigated by Mr Scheele. 
The experiments by which it. was originally produced-, 
and its properties afcenained, are as follows: 

I. Two ounces of concentrated vitriolic acid were 
poured upon an equal quantity of fluor, which had been 



previoufly pounded in a glafs mortar, and then put in- Fluor acid 
to a retort, to which a receiver was adapted, and the and J ' s 
juncture clofed with grey blotting paper. On the cornr " na - 
application of heat, the mafs began to efFcrvefce and ' 
fwell, invisible vapours penetrated every where through 
tire joining of the veflels, and towards the end of the 
procefs white vapours arofe, which covered all the in- 
ternal parts of the receiver with a white powder. — 
The mafs remaining in the retort was as hard as a 
ftone, and could not be taken out without break- 
ing the veflel. The lute was quite corroded and 
friable. 

II. The procefs was repeated exactly in the fame 
manner, excepting only that a quantity of diftillcd v a- StS 
ter was put into the receiver. A white fpot foon be- Forms a 
gan to form on the furface of the water, juft in the wb -»te ear " 
centre, and immediately under the mouth of the re- 1,1 >' , cluft 
tort. This fpot continually increafed, till at laft it co- WIth water 
vered the whole furface of the water, forming a pretty 

thick cruft, which prevented the communication of the 
water with new vapours that came over. On gently agi- 
tating the receiver, the cruft broke, and fell to the bot- 
tom ; foon after which a new cruft like the former was 
produced. At laft the receiver, and foon after the re- 
tort alfo, became white in the inllde. The veflels,,- 
when cooled, were found much corroded internally. In 
the receiver was an acid liquor mixed with much white 
matter, feparable by filtration. g.._ 

III. This white matter when edulcorated and dried, Which hai 
fhowed itfelf to be liliceous earth by the following the proper- 
properties. 1. It was rare, friable, and white. 1 2 . It ties of fili- 
was not fenfibly foluble in acids. 3. It did not make ceol1s 

a tough pafte with water, but was loofe and incohe- c ' 
rent after being dried. 4. It diilolved by boiling in 
lixivium tartari, and the folution in cooling aflumed 
a gelatinous confiftence. 5. In its pure ftate it fufiered 
no change in the ftrongeft heat ; but when mixed 
with alkali, it boiled, frothed up, and formed a glafs 
in a melting heat. 6. It diflblved in borax without 
fwelling. 

IV. To determine whether this earth was formed Scheelc's 
during the procefs, he poured vitriolic acid upon pow- experiment 
dered fluor contained in a cylinder of brafs w hich was to deter- 
clofed exactly with a cover, after having fufpended mi " e . the f 
over the mixture an iron nail and a bit of charcoal. S!; 8m ?j, 
On opening the veflel two hours afterwards, he found 

the nail and charcoal unchanged ; but on moiftening 
them, he found both covered with a white powder in a 
fhort time. This powder had all the properties of lili- 
ceous earth ; and as in the experiment he had made no 
ufe of glafs veflels, he concluded that it did not pro- 
ceed from the glafs veflels as might have been fufpeei- 
ed from their being fo much corroded, but was gene- 
rated in fome other way. « t 

V. Having recompofed fluor by faturating the a- Artificial 
cid with calcareous earth, he treated the compound in fluor yield* 
the lame manner as the natural fluor, with a fimilar a fimilar 
refult ; and repeating the experiment five times over, rtfult. 

he Conftantly found the filiceous earth and acid dimi- 
niih conliderably, fo that at laft fcarce any mark of 
acidity was left. Thence he concluded, that all the 
fluor acid united itfelf by degrees with the vapours of 
thewater, and thus formed the filiceous earth. * It may 
be objected (fays Mr Scheele), that the fluor acid is per- 
haps already united by nature with a finefiliceour pow- 
der, 
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the lute, and neither united with the oil, nor 

produced a filic< This happened alfo when 

acid of vitriol was put into the receiver. If therefore 

h was not a product of each diftillation, 
but, being previously contained in the acid, was onlyde- 
polited from it i . • >f the union of the acid 

with a third fubftance, 1 think the filiccous earth ought 
eiju.illy to appear when alcohol was put into the recei- 
ver, with which it unites, as well as with water; but 
as this does not happen, I conclude that not all the fi- 
liceous earth, which is depofited upon the furface of 
water during the diltillation of the rluoracid, was pre- 
vioully diffoved in this acid." 

This opinion or" Mr Scheele did not meet with ge- 
neral approbation. M. Boullangcr endeavoured to 
(how, that the rluoracid is no other than the muria- 
tic intimately combined with fome earthy fubftance; 
and Mr Monnet maintained thai it is the fame with 
tint of vitriol volatilized by fome extraordinary con- 
nection with the floor ;, which opinion was alio 
maintained by Doctor Prieftky. Mr Scheele conieftcd 
thefe opinions, but found much greater difficulty in 
Supporting his own opinions than in overthrowing 
thole of his adversaries. Boullangcr inliltcd that fluor 
acid precipitates the folutions of lilver and quicklilver, 
producing lima cornea with the former, and mer- 
curius dulcis with the latter. Mr Scheele owns 
that fluor acid precipitates both thefe metals, but 
the precipitate obtained is in very final! quantity, 
and the little that is produced arifes only from a fmall 
quantity of fea-falt with which the rluor, as well as all 
other calcareous fubftances, is generally mixed. The 
grcateft part of the acid, therefore, will not precipitate 
the folutions of thefe metals, which it ought to do up- 
on Mr Boulanger's hypothecs. Mr Scheele then 
proceeds to (how a method of feparating this fmall 
quantity of marine acid from that of rluor. A folu- 
tion of lilver made with nitrous acid is to be precipi- 
tated with alkali of tartar, and as much acid of fluor 
poured upon the edulcorated powder as is fufficient to 
give an excefs of acid; after which the folution is to 
be filtered. This folution of filver in fluor acid is then 
to be dropped into that acid we defire to purify, till no 
more precipitation enfues; after which the acid is filter- 
ed through grey paper, and diftilled to drynefs in a 
glafs retort. The aqueous part comes over firft, but is 
ibon followed by fluor acid, which covers the inlideof 
both the veflels, togetherwith the furface of the water 
in the receiver, with a thick filiceous cruft. The acid 
thus rectified, does not precipitate folution of lilver in 
rhe leaft, or othcrwifc fhow the fmalleft fign of muri- 
atic acid. 
That the fluor acid is different from that of vitriol 
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Mr Scheele proved , Up- Flu* 

lor with alkohol, 1 
.rated oil of vitriol, and " nil, " u " 
U . the mixture in a find-bath, having previoully .''"'^" 
pot i^ esofdilliUed water into the receiver. He 836 
then : r three ounces of the fame acid diluted And 

ol water, to which he afterwards ad- 1,K " °« Xl ~ 
ded li.\ , • J weighed, till he at- Ulu * 

. point of famraiion. After the diftil- 
lation I d the remaining lixivium ; ha\ ing hi j>t 
up fuel] c of heat for eight hours as was not 
f< the vitriolic acid. On breaking the 
icing the mafs to powder he boiled it 
in a g! with 24 ounces of water for fome mi- 
nutes; uer which he added juft as much lixivium 
tartari as be had found before to be rcquifite for the 
faturatioo of three ounces of the vitriolic acid, and 
ucd the boiling for a few minutes longer. Oji 
examining the folution, it was found to contain a vi- 
triolated tartar perfectly neutralized, neither acid nor 
alkali prevailingin any degree ; which lhowed that no 
vitriolic had palled into the receiver. The faline 
matter being then extracted with hot water, the re- 
maining earth was found to weigh 9^ drachms. Two 
drachms of this difTolved in muriatic acid, excepting 
fmall quantity of matter which feemed to be 
fluor undecompofed, and which on being dried weigh- 
ed only nine grains. Into one part of this folution he 
1 of fugar, and into another vitriolic 
acid. The former produced faccharated lime, and the 
latter gypfum. A third part was evaporated to dry- 
neis, and left a dcliquefcent fait; and the remaining 
part of the earth burned in a crucible, produced a real 
quicklime. g 

Thus it appeared that the real bafis of fluor is quick- Quicklime 
lime, and likewife that the fluor acid is different from the bafisof 
that of vitriol, as appears farther from the following fluor. 
considerations : 1. Pure rluor acid does not precipitate 
terra ponderofa, nor folution of lead in nitrous acid. 
2. The fame acid, when faturated with alkali of tar- 
tar, evaporated to drynefs, and afterwards melted with 
powdered charcoal, does not produce any hepar fid- 
phuris. g g 

Mr Monnet, in order to fupport his hypothefis, de- Miftakc of 
nies that fluor contains any calcareous earth. In proof Mr Mon- 
of which he adduces the following experiment : E- net on this 
qual quantities of alkali and fluor were melted toge- ful} J c(ft - 
ther, with little or no change on the mineral ; for, af- 
ter having taken away by lixiviation the alkali em- 
ployed, he difTolved the rluor remaining on the filter 
in nitrous acid, adding vitriolic acid to the folution ; 
and becaufe he obtained no precipitate, concluded at 
once, that fluor contains no calcareous earth. Mr 
Scheele on the contrary affirms, that all folutions of 
fluor yield a precipitate of gypfum whenever vitriolic 
acid is added to them. He explains Mr Monnct's 
failure, by fuppofmg that lie had diluted his folution 
with too great a quantity of water. j> 

Mr Wiegleb, diffatisfied with the hypothefis ofwiegkb's 
Scheele, as well as others, concerning the fluor acid, experi- 
began a new fet of experiments on the mineral. Ha- m cms on 
ving nrft accurately repeated thofe made by Mr the or 'g'n 
Scheele, he proceeded to inquire into the oripin f of tJle lili- 
, /-,. 1 • - .- n • tt • ccous earth 

the fihceous earth, 111 the following ijaanner : Having 

firft weighed the retort deftincd for the experiment in 

an 
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Fluor acid an accurate manner, and found that its weight was 
and its two ounces and five drachms, he put into it two oun- 
ces of- calcined fiuor in powder, adding, by means of 
aglafetu.be, 2 J- ounces of oil of vitriol. The retort 
was then placed on the furnace ; and a receiver, which 
when empiy weighed two ounces, two drachms, and 
30 grains, and now contained two ounces of diftilled 
water, was luted to it. The diftillation was conduct- 
ed with all pollible care, and at laft puihed till the re- 
tert grew red hot ; but it was found im pollible to pre- 
vent a few vapours from penetrating through the lute. 
Next day the retort, feparated from the receiver, was 
found to weigh, together with its contents, five oun- 
ces, five drachms, and 30 grains ; and confequently had 
loftin weightone ounce, three drachms, and 30 grains, 
The receiver, which, with the water, had originally 
weighed four ounces, two drachms, and 30 grains, 
now weighed five ounces and three drachms, and had 
therefore gained one ounce and 30 grains. This gain, 
compared with the lofs of the retort, fhows that the 
retort loll more by three drachms than the receiver 
gained ; fo that thefe muft have undoubtedly paired 
through the luting inform of vapour. 

To determine the point in queft ion, the empty vef- 
fels, with what had been put into them, were accurate- 
ly weighed ; when the weights and lofs upon the whole 
were found to be as follows. 



The empty retort 
Calcined rluor 
Oil of vitriol 
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Total weight before diftillation 
After it 

Lofs of retort 

The empty receiver weighed 
The water put into it 

Total weight before diftillation 
Total weight after diftillation 



Gain of receiver - 1 o 30 

Deducting this grain of weight in the receiver from 
the lofs of weight in the retort, we find, that three 
drachms were wanting on the whole, which muft un- 
doubtedly, as already obferved, have been diilipated 
in vapour. The retort being now broken, and the 
dry earth both in its neck and arch feparatedas accu- 
rately aspoffible, it was found to weigh three drachms ; 
the refiduum in the retort weighed three ounces, two 
drachms, and 40 grains. Now, as themafs in the re- 
tort had originally weighed four ounces and four 
drachms, it appeared, by deducting the refiduum, to 
have fuffered, on the whole, a lofs of one ounce, one 
drachm, and 20 grains. To determine the lofs more 
accurately, the following calculations were made : 

oz. dr. gr. 
The white earth feparated from the neck 

and arch of the retort 
Gain of the receiver . 
Loft in vapour ... 



3 

1 o 

o 3 



Total 163 
Here Mr Wiegleb was furprifed to find, that the 



matterwhich came from the retolt amounted to more 
by live drachms ten grains than the mafs in the retort 
had loft of its original weight ; to illuftrate which it 
was neceifary to weigh the retort and receiver by 
themfclves. The pieces of the retort now weighed on- 
ly one ounce feven drachms and 50 grains ; whereas. 
before the procefs, the weight of the retort was two 
ounces five drachms. It appeared, therefore, that it 
had loft five drachms ten grains, the very quantity 
which had been gained by the receiver. This laft had 
loft nothing of its original weight. 

The fluid in the receiver was next diluted with four 
ounces of diftilled water, and the whole poured out 
on a filter, in order to feparate the earthy matter 
with which it was mixed, and frefh water poured up- 
on it to take out all the acid : after which the earth 
was dried, and found to weigh 57 grains. The clear 
liquor was then diluted with more diftilled water, and 
afterwards precipitated with fpirit of fal ammoniac pre- 
pared with fixed alkali. A brifk effervefcence took 
place before any precipitate began to fail, but ceafed 
foon after the precipitation took place. The whole mix- 
ture become gelatinous ; and the precipitate, when dry, 
weighed two drachms. The whole quantity of earth, 
therefore, obtained in this procefs amounted to five 
drachms 47 grains, which is forty-feven grains more 
than the retort had loft in weight. This excefs is, by 
our author, attributed to part of the acid ftill adhering 
to it, and to the accefhon of fome moifture from the 
air; to determine which he heated each of the parcels 
of earth red hot feparately, and thus reduced them to 
four drachms 52 grains, which is lefs by 18 grains 
than the lofs of the retort, and which, he is of opi- 
nion, muft have efcaped in the three drachms of va- 
pour. 

From this experiment Mr Wiegleb concludes, that 
the earth produced in the diftillation of fiuor proceeds 
neither from the fpar nor from a combination of the 
acid with water, but from the folution of the glafs by 
the fparry acid. To his opinion alfo Dr Crell ac- 
cedes. " In diftilling rluor (fays he) with oil of vi- 
triol, I have found the retort as well as the receiver 
very much corroded. I poured the acid obtained by 
the procefs into a phial furnifhed with a glafs ftopper, 
and obferved after fome time confiderable depofition. 
I then poured the liquor into another phial like the 
former; and that it might neither on the one hand 
attack the glafs, nor on the other compofe liliceous 
earth with the particles of water, according to Mr 
Scheele's hypothecs, I added highly rectified fpirit of 
wine. I faw, however, after fome time, another confi- 
derable depofition. This feemed alfo to proceed from 
the glafs that had been before diiTolvcd, which the acid 
let fall in confequence of the gradual combination with 
the fpirit of wine ; otherwife we muft fuppofe, what 
to me appears incredible, that the acid decompofes the 
fpirit, attracts the water, and forms the earth." 

This lingular acid has been ftill further examined by 
Mr Meyer. He informs us, that, among Mr Scheele's 
experiments, he was particularly flruck by one in 
which no earthy cruil was obtained, after putting fpi- 
rit of wine into the receiver. IVlfr Meyer repeated this 
experiment, hoping, that when but little fpirit was put 
into the receiver, he might be able to procure a new 
kind of ether. Anounce of finely powdered fluor, which 
had been previoufly heated red hot, was put into a 

glafs 
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• which was fitted a receiver contain- 

I highly rectified French brandy. 

Tlic diftillation was continued lor three hours with 

a gentle heat : v. hen the acid, having made its way 

through the bottom, put and end to the procefs. No 

could be perceived on the furface of the fpi- 
m : bat in the place where it had been in con- 

• :th the receiver there was a thinringot tranfpa- 

The lame mixture of oil of vitriol and liuor 

was therefore again put into a retort of very itrong 

, and the fame fpirit put into the receiver. The 
diftillation was conducted two hours with a gentle and 
afterwards with a itronger, heat. When it was half 
over, the fpirit began to change into a thin jelly ; and 
at the end of theprocefs fome firmer pieces were found 
at the bottom. Thefe were waftied with fpirit of 
wine; and in order to obtain the fpirit together with 
the acid in a pure flate, it was put into a large retort, 
and again fubjc&ed to diftillation. As the retort grew 
Warm, the opal-coloured fpirit became clear and fwell- 
ed, what remained becoming again gelatinous ; a good 
ileal of earth remained behind, but did not adhere firmly 
to the retort, which was fmooth in the infide, though full 
ef (hallow excoriations. It was alfo evident, that the 
glafs was actually corroded, and that the earthy mat- 
ter is not a mere cruft adhering to the infide. The 
jelly being thoroughly edulcorated, as well as the earth 
that remained in the retort after the rectification, and 
that which was diflblved in the water precipitated by 
fpirit of fal ammoniac, the whole quantity amounted 
to two drachms. That which had feparated fpontane- 
oully was femitranfparent. " As this earth (fays he) 
mowed the properties of filiceous earth, and the glafs, 
which was fo much corroded, conlifls in great meafure 
of it, the greateft part of it might come from the glafs, 
and thereltof it perhaps beaconftituent part of the iiuor 
itfelf. In order to afcertain this it was necefl'ary to ob- 
tain the rluoracid quite free from filiceous earth. I there- 
fore expofed the ley, which I had procured by the pre- 
cipitation of the earth with fal ammoniac, to a gentle 
c\ aporation in a llightly covered glafs vetfel. The pro- 
duct was one drachm 56 grains of an ammoniacal fait ; 
the glafs did not appear to have been attacked. Half 
a drachm of this fait was fublimed in a fmall retort, 
which, towards the end of the operation, was laid on 
the bare lire. No cruft appeared on the furface of the 
water in the receiver. At the bottom of the retort 
lay .: little fiocculent earth of a light grey colour, above 
which the internal furface was covered with a white 
pellicle that reflected various colours ; and in the neck 
there was a fublimate. The thin pellicle eafily fepa- 
rated in many places from the glafs, which was 
fmooth beneath, though not without fome fmall fur- 
rows. I poured water both upon the ammoniacal fait 
and cruft ; in confequence of which it acquired a very 
fonr taltc, and coloured the tincture of turnfole red. 
The white cruft that was left behind undiflblved weigh- 
ed five grains, and melted into a green glafs without 
addition. This was nothing but the glafs that had 
been corroded by the fiuor acid ; but as this acid can 
ke let loofe only by ftrong hear*, it had done no more 
than corrode the glafs, without pafling over along with 
it in the form of vapour, and then denoting it again 

t water. For, upon pouring two drachms of oil 
• pou half a drachm of this ammoniacal (alt 



a little moiltcnrd, and placed in a j,lafs retort, I 
foam arote, and the thick vapour* 1 hat afccndrd cover- • i[ui '" 
ed the water in the receiver with a white cruft. A fern "■'"'""•>- 
plc of the fait on fulution, left behind a grain 01 earth, ' „" ''*" 
which, as 1 conjecture, it had taken up during the eva- 
poration in the glafs vcffel.* 1 

To prevent this, our author diftilled half an ounce 
r with an ounce of oil of vitriol for live h 
The crulls were feparated from th w ater ; they weigh- 
ed, after being well wafhed and dried, eleven grains; 
they were white and very llocculent ; thirty-two grains 
of filiceous earth were precipitated from the fib c red 
water : the ley was then evaporated in a leader \ei.cl 8 4J 

and vielded 80 grains of fait. As £lafs veffels \ , Ex P cn " 

1 . u . n. j • .1 1 , ,1 1 rucnismade 

longer to be truitcd, a piece of a gun-barrel furnilhed wit j, an 

with a cover, and terminated by a bent tube, intended to i ron diftil- 
ferve inftead of the neck of a retort, was afterwards Log vcfitl. 
ufed ; and with this apparatus the following experi- 
ments were made : 

1. Half a drachm of the newly prepared fal-ammo- 
niac was diftilled for two hours with two drachms of 
oil of vitriol, into a glafs receiver containing an ounce 
of water. No veftige of a cruft could be perceived on 
the water, but fome earth was perceived in the receiver, 
where the vapours having afcended through the tube, 
came into contact with the wet glafs ; and here the 
furface was become fenfibly rough. On the addition 
of volatile alkali, a few fiocculi of filiceous earth, a 
mounting only to one-fourth of a grain, were thrown 
down out of the water. 

2. A drachm of vitriol was added to a drachm 
and an half of the fait ; but a leaden receiver was now 
ufed, containing an ounce of water as before. The 
water acquired an unpleafant fmcll, but mowed no 
figns of a cruft. On the addition of fpirit of fal am- 
moniac, a little grey earth weighing half a grain fell to 

the bottom. „ 

3. A fcruple of this fait, mixed with an equal quan- No cru ft 
tity of white find in fine powder, and diftilled with a formed bj 
drachm and an half of oil of vitriol, into an ounce of mixing 
water in the leaden receiver, mowed no fignof a cruft. knd.witha 
The water had a putrid frnell, and left on the filter fa ! r . cou " 
two grains and an half of grey earth, which ran under ffuor^id. 
the blow-pipe into a grain of lead. Volatile alkali 
precipitated five grains of grey earth, which melted on 

the addition of a little fait of tartar into a black glo- 
bule, though the blow-pipe alone made no change 

in k * 84* 

4. To 1 9 grains of the fame ammoniacal faha drachm r;ur agreat 

of oil of vitriol and two fcruples of green glafs, broken ue by 
into fmall pieces, were added. The iron tube had ufmg j>ow- 
fcarce become warm, when a great cruft e*f filiceous dcredglaf*. 
earth was perceived on the furface of the water, and 
the fame appearance on the moift fides of the veflel. 
It did not, however, feem to increafe during the re- 
mainder of the diftillation. A grain and a quarter of 
earthy matter remained on the filter, confifting partly 
of white films, which ran under the blow-pipe into a 
greenifh glafs. 

5. To afcertain this matter ftill more clearly, a 
different fpecies of mineral fluor was ufed, which be- 
ing diftilled with a double Quantity of oil of vitriol, 
and with a drachm of water in the receiver, yielded a 
thin pellicle of the appearance of lead, but no filiceous 
cruft. Volatile alkali threw down 2^ grains of grey 

earth* 
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earth. — A drachm mixed with the fame quantity of 
pulverized find afforded a pellicle of lead interfperfed 
with a few particles of white cruft, which ran into 
glafs under the blow-pipe. Volatile alkali precipitated 
eight grains. — A drachm, mixed with an equal quan- 
tity of green glafs reduced to powder, fwelled a good 
deal, and yielded a thick liliceous cruft.. 

6. To a drachm of green fiuor that had been heat- 
ed and powdered were added two drachms of oil of 
vitriol, ftill employing the iron tube. A piece of wet 
charcoal was alio fufpended in the Infide, a cover fixed 
on the tube, and the latter was heated for about 1 § 
minutes in a fand-bath. Obferving now that the 
charcoal was dry, and had no earth upon, it, a fcrupie 
of fand in fine powder was added, the charcoal was 
wetted and replaced, but nothing appeared. Some 
bits of green glafs were then thrown into the mixture 
which inftantly foamed up and ran over. The char- 
coal was not replaced in the tube, nor was it any 
longer necellary, as it gained a covering of white 
powder by being held a very few moments over the 
orifice. 

Mr Scheele, in one of his experiments, obferves, 

hientofMr t ] iat: he oblerved the white powder on a piece of char- 
j . s , coal that had been moiflened and fufpended over flu or 

8X1)11116 ' to which vitriolic acid was added. As this experi- 
ment was made in metallic vefTels, Mr Meyer conjec- 
tures, that the mortar ufed for reducing the fiuor to 
powder was of foft glafs, and that the phenomenon 
was occafioned by the abralion of fome particles of 

847 s lafs - 

Of the 7* To determine whether the acid can carry up 

quantity of much more of the filiceous earth than is fufficient 
filiceous to faturate it, an ounce and an half of pure oil of vi- 
carth car- triol was added in a retort of glafs, and three ounces 
of water put into the receiver. The retort was cor- 
roded through in an hour's time, and the cruft on the 
water weighed ten grains The liquid being then 
filtered and divided into two equal parts, one was pre- 
cipitated with cauftic volatile, and the other with mild 
fixed vegetable alkali. The former yielded 2$; grains 
of liliceous earth, and the latter 68 grains of a preci- 
pitate, which flowed under the blow-pipe, ran into 
the pores of charcoal, and gave out ftrong vapours of 
fluor acid. The reafon of this difference fhaTl be ex- 

848 plained when we come to treat of filiceous earth. 
Violent ac- 8. To a mixture of half an ounce of fluor and the 
tionof _ fame quantity of glafs, in powder, 12 drachms of oil 

of vitriol were put in a fmall retort, half filled with the 
mixture. The ingredients acted upon each other fo 
violently that they rofeup into the neck of the retort ; 
and the operation being intermitted on account of the 
noxious vapour they emitted, the retort was found next 
day covered with fafciculatedcryftals like hoar froft. — 
The experiment being repeated in a more capacious 
retort, and the mixture thoroughly blended by agita- 
tion, it became a thick mafs, and fwelled like dough 
in fermentation : the bottom of the retort grew very 
hot, andrhe filiceous cruft appeared on three ounces of 
water in the receiver. The diftillation being continu- 
ed for three hours, 16 grains of liliceous earth were 
found on the furface, and the precipitate by volatile 
alkali weighed 56 grains; the retort was much lefs cor- 
toded than ufual. 
o. Thirty grains of this precipitate, diftilled in a 
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glafs retort with a drachm and an half of oil of vitriol, Fluor ncld 
produced no filiceous earth on the water in the re- a,ldlt . s 
ceiver, or that with which the earth was edulcorated. c . oma " 
The ley of fiuorated volatile alkali was mixed with a >'" V ... 
folution of chalk in nitrous acid till no more precipi- 
tation took place. The mixture was palled through 
nitrous acid, and the precipitate edulcorated. It weigh- 
ed, when dry, two drachms and 36 grains. 

10. Two drachms of oil of vitriol being added to a 
drachm of this precipitate contained jn a glafs retort, 
the precipitate was attacked in the cold, but no cruft 
appeared ; the heat, however, wasfcarce applied, when 
the whole furface of the water was covered, and the 
fame phenomena exhibited which are produced by the 
natural fluor. g^ 

11. Mr Scheele having obferved that a mixture of Farther 
fluor as tranfparent as mountain cryftal, and oil of proof? thai; 
vitriol in a metallic cylinder, produced no appearance of the earthy" 
filiceous earth, on a wet fponge fufpended on the infide, cr "^ s F°" 
at Mf Meyer's requeft he made a new experiment t j ie j a r g 
by adding oil of vitriol to portions of fluor of this veffels* 
tranfparent kind placed in two tin cylinders ; fome 
filiceous earth was put into one, and a wet fponge 
fufpended in both. The next morning the fponge 

that was fufpended over the cylinder which held the 
filiceous earth, was covered with the white powder, but 
no appearance of it wasfeen on the other. The expe- 
riment was repeated by Mr Meyer with the fame re- 
fult, but the white cruft did not appear till after 2 
night's Handing. 

12. A drachm of fluor, mixed with two of oil of vi- 
triol, afforded, after a diftillation of two hours, a thin 
film of lead on the furface of the water in the receiver, 
but no filiceous earth. The fame mixture was after- 
wards diftilled with the ufe only of a glafs receiver in- 
ftead of a lead one. In the beginning of the diftilla- 
tion a fmall lpot appeared under the neck of the re- 
tort, and the neck itfelf was covered with white pow- 
der, but it foon difappeared ; and though the empty 
part of the receiver was corroded, yet no more than 
half a grain of earth was procured. 

Thefe experiments fo clearly point out the origin 
of the filiceous cruft on the furface of the fluor acid, 
that its exiflence as a diftinct acid is now univerfally 
allowed, even by thofewho formerly contended for its 
being only the vitriolic or fome other acid difguifed. — g, d 
Experiments of a fimilar kind were made by Mr Wen- Mr Wen- 
zel, who performed his diftillation in a leaden retort, zel's expe* 
furniflied with a glafs receiver. The water was covered rim ents in 
with a variegated cruft, and yielded a gelatinousprcci- alcaJen 
pitate with fixed alkali. On examining the receiver, retort ' 
he found its internal furface corroded, fo that it ap- 
peared as if it had been rubbed with coarfe fand. By 
ftibfti tnting a leaden receiver, however, inftead of a glafs 
one, he obtained the acid entirely free from filiceous 
matter, and containing only a fmall quantity of iron 
and aluminous earth. 2( j o ?Q 

The fluor acid may alfobc procured by the nitrous, Fluor acid 
muriatic, and phofphoric acids. — MrScheele diftilled procurable 
one part of the mineral with two of concentrated ni- b Y nitrous, 
trous acid. One part went over into the receiver lminatic » 
along with the fluor acid, and a thick cruft was form- a v d ? hoii 
ed on the water of the receiver. The mafs remaining Lu" 



in the retort was calcareous earth fatu rated with ni 
trous acid. 

Q, With 



5 acid. 



1 22 



C H E M I S T R Y. 



tice. 




properties 
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t id. 

4th 850 
Combined 
n 1 fixed 
alkali. 



8jr' 
With vola 
tile alkali. 



With me- 



■ icid, that of fluor 
ivcr with I large quantity of 
.c receiver, as 
well as of the mtained in it, being covered 

lite emit. The refidoum was fixed fal am- 
ac. 
Phofphoric acid digefled with powdered fluor, dif- 
■ >d deal of it ; and on diftilling this fola- 
thenuoracid went over together with the watery 
particles of the mixture ; the remaining mafs in there- 
tort had the properties of the alhes of bones. 

The fluor acid procured in any of thefe ways is not 
diltinguilhablc by the fmell from that of fea-fak: in 
fomc cafes it acts as muriatic acid, in others like that 
of tartar ■, but in molt cafes it fhows properties peculi- 
ar to itfclf. 

With fixed alkali the fluor acid forms a gelatinous 
audalmoft infipid matter, which refufes to cryftallize. 
By evaporation a faline mafswas obtained, which was 
in weight only the fixth part of the fixed alkali dif- 
folved ; did not change the colour of fyrup of violets, 
but precipitated lime water, and likewife the folutions 
of gypfuni and Epfom fait. With mineral alkali 
the fame phenomena were produced as with the ve- 
getable. 

Volatile alkali with fluor acid formed likewife a 
jelly, which when feparated from the liquor appeared 
to be filiceous earth. The clear liquid tailed like vi- 
triolic ammoniac, and (hot into very fmall cryitals, 
which by fublimation yielded firft a volatile alkali, and 
then a kind of acid fal ammoniac. By diltillation with 
chalk and water, all the volatile alkali quickly came 
oyer. Lime water inflantly threw down a regenerated 
fluor, which was the cafe alio with folutions of lime 
in the nitrous and muriatic acids. — Solution of filver 
let fall a powder, which, before the blow-pipe, re- 
d its metallic form, the acid being diflipated, and 
forming a white fpot on the charcoal round the re- 
duced lilver. Solution of quicklilver in nitrous acid 
was precipitated, and the powder was entirely volatile 
in the lire ; but a folution of corrofive fiiblimate re- 
mained unchanged. Lead was totally precipitated 
from nitrous acid ; and a folution of Epfom fait was 
rendered turbid. Oil of vitriol produced a fluor acid 
by diltillation, which formed at the fame time a thick 
craft on :he water of the receiver. The regenerated 
fluor procured either by means of lime water or folu- 
■'f the earth in acids, was decompofed by fixed, 
but not by volatile alkali. 

me, magnelia, and earth of alum, this acid 
became gelatinous. Part of the two lail were dif- 
folved. 

Go'. ! >t touched by the fluor acid either alone 

\cd with that of nitre. Silver, in its metallic 

erwent no change. Its calx, precipitated by 

, . •.. is partly dilfolved ; but the remainder 

iluble mafs at the bottom Vitriolic 

■ xpellcd the riuor acid in its ufual form. Qjiick- 

. iifolved, but its calx precipitated from 

Inti 1 ^'as partially fo. The remaining 

o{ the calx united with the acid, and 

•. powder, from which the fluor acid was 

lied by the vitriolic. The fame powder formed, 

f the blow-pipe, a yellowilh glafs ; which, 

I . fmall glo- 



bule of fixed glafs behind. Lead was net diffi 
bat the acid formed a fweei rotation with its calx ; f"d»»«l < 
whence the latter could be precipitated by the iu f "*'" 

acids of vitriol, and fca-falt, as alio by ial ammoniac. """""*• . 
On digefting a quantity of acid with calx <>f lead, 
which had been previoully digclled in the fame, a 
fpontancoas precipitation took place. Tlic precipi- 
tate melted ealily before the blow-pipe, and ran into 
metal ; but parr of the glafs remained fixed in the lire 
Copper was partially diiioived, as appeared by the 
blue colour all'umed by the liquid on the addition of 
volatile alkali. The calx of copper was ea/ily folublc ; 
and the liquor, though gelatinous, yielded bine cryltals, 
partly of a cubic and partly of an oblong form, from 
which the acid could not be feparated but by heat. 
Iron was violently attacked, and gave out inflammable 
vapours during the folution. The liquor refufed to 
cryflallize ; but, by evaporation, congealed into an 
hard mafs after the moillure was diflipated ; and from 
this mafs the fluor acid might be expelled as ufual by 
oil of vitriol. The fame effect was alfo produced by 
heat alone; the acid riling in vapours, and leaving a 
red ochre behind. Calx of iron was alio diffolved, and 
the folution tailed like alum ; but it could not be re- 
duced to cryltals. Tin, bifmuth, and regulus of co- 
balt, were not attacked in their metallic itate ; but the 
calces of all of them were foluble. Regulus of anti- 
mony and powdered antimony were not fenflbly acled 
upon. Zinc produced the fame effedts as iron, ex- 
cepting that the folution feemed more inclined to cry- 
ftallize. 2ca 

The molt remarkable property of this acid, however, Glafs cor- 
is its readily diilblving glais and carrying it off in the roded by 
form of vapour. This lingular property belongs not this acul > a » 
only to the pure acid, but alfo to the ammoniacal fah™f\* sthc , 
formed by combining it with the volatile alkali. Mr [ its °™m- 
Wiegleb informs us, that on evaporating to drynefs, in bjnatioii 
a cup of Mifnia porcelain, a folution of this kind ofwithvola- 
ammoniac, which by its fmell mowed an excefs of vo- tile alkali, 
latile alkali, the glazing of the infide was entirely cor- 
roded, and the bottom left as rough as a file. During 
the evaporation the cup was covered with white paper, 
which when dry appeared full of fmall cryftals of an 
acid tafte, eafily diflinguifhable by the naked eye. 
Thefe, as well as the ammoniacal fait, powerfully at- 
tracted the moillure of the air. „ 

This property of the fluor acid renders it extremely It bv/ry 
difficult to be kept. Mr Meyer informs us, that difficult to 
having kept fome upwards of a year in a glafs phial, he k«pt. 
it corroded the glafs in many points furrouuded with 
concentric circles, depofiting a powder which adhered 856 
to the bottom. He is of opinion that golden vcfTcls Golden vef- 
would be mofl proper for keeping this acid, as alfo for W< moft 
making experiments on the fluor itfelf. A phial co- P ro P er f " r 
vered in the infide with wax and oil has been recom- th, *P ur " 
mended for the fame purpofc. i>0 ^ 

This acid, as well as tliofe of vitriol, nitre, and fea- Dr Prtdfc- 
falt, lias been exhibited by Dr Pricfiley ia an aerial ley '» expe- 
form. Having put fome pounded fpar into a phial, rimentt 00 
and poured oil of vitriol upon it, adopting at the fame co |' vertin g 
time the ufual apparatus for obtaining air, he obferved tn,s j» Cid,u "' 
that a permanent cloud was formed by the vapour* 
Minn g out from the mouth of the tube, which he at- 
thc attachment of the acid to th< 
re of the atmol tent that water 

came 
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Sal fedati- came tn contact wii/h this air, its furface became opaque 
vus and its and white by a flony film, which retarded the afcent of 
the water, till the air infinuating itfelf through the 
pores and cracks of the cruft, the water neceffarily 
rofe as the air diminifhed ; and breaking the cruft, pre- 
fented a new furface to the air, which was immediate- 
ly covered with another cruft. Thus one flony in- 
cruftation was formed after another till every particle 
of the air was united to the water ; and the different 
films being collected and dried, formed a white pow- 
dery fubftance, generally a little acid to the tafte ; but 
when waflied in much pure water, perfectly inlipid. 
The property of corroding glafs he found to belong to 
the fluor acid air only when hot. From fome other 
experiments he concluded, that the fluor acid air was 
the fame with what he had formerly obtained from vi- 
triolic acid: but the experiments made fince that time 
by various chemifls, have now convinced him that it is 
ad 857 an acid of a nature entirely different from all others. 
Method of By means of the fluor acid, a new art has been dif- 
cngraving covered, viz. that of engraving upon glafs. For this 
"*" S' 3 "- pnrpofe a looking-glafs plate is to be covered with 
melted wax or maftic ; and when the coating becomes 
hard, it is to be engraved upon by a very iharp -pointed 
needle or other inftrument of that kind. A mixture 
of oil of vitriol and fluor acid are then to be put upon 
the plate, and the whole covered with an inverted 
China veffel, to prevent the evaporation of the fluor 
acid. In two days the glafs plate may be cleared of its 
coating, when all the traces of the needle will be found 
upon it. 



§ 5. Of the Sal Sedativvs, or Acid of Borax. 
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found in a This is a faline fubftance of a very fingular nature, 
mineral in and till lately found no where but in borax itfelf. Its 
Germany, origin in different parts of the world is related under 
the article Borax : but fince that article was printed, 
we have accounts of its being difcovered in a mineral 
of a peculiar kind found at Lunenburg near Hartz. 
This is frequently tranfparent, but fometimes alfo a 
little opaque, and ftrikes fire (lightly with ftecl. It 
has hitherto been found only in fmall cryftals inve- 
loped in a gypfeous matter. Thefe generally affect 
the cubical form, though they are fometimes irregular, 
and from the truncatures frequently appear to be of dif- 
ferent kinds. One of them had fourteen faces, fix 
fmall fquare planes, and eight hexahedral ; though all 
thefe are modifications of cubes. Mr Weflrumb ana- 
lized it with fome difficulty ; but at laft found that 
100 parts of the mineral contained 60 of fedati ve fait, 
ten of magnefia, and ten of calcareous earth ; of clay 
and flint five parts, fometimes ten of iron, though fre- 
quently but five. The fame acid has alfo been dif- 
covered in Peru, and a little in Hungary from an ana- 
lyfis of petroleum. This bitumen arifes from a rock 
between Pecklenicza and Mofcowina. It feems at firft 
to be white, but*foon grows black by expofure to the 
air. It was analyfed by profeflbr Winterl, who found 
it to contain a tranfparent oil in a butyraccous form, 
and a true fedative fait, united with "the oil by means 
of an excefs of phlogiflon. The fedative fait was firft 
difcovered by Bechr, and afterwards more accurately 
defcribed by Homberg ; but its nature was at firft very 
much mifundcrftood, being named the narcotic fait of 



vitriol, on account of the vitriolic acid ufed infepara- Salfedati- 
ting it from the borax. From this it is feparable vus and it* 
either by fublimation or cryftallization. The method combina - 
by fublimation is that recommended by Homberg. tl0ns - 
His procefs confifts in mixing green vitriol with borax, 2d 858 
diilblving them in water, filtering the folution, and How pre- 
evaporating till a pellicle appears : the liquor is then P ared fro2m 
to be put into a fmall glafs alembic, and the fublima- 00rax " 
tion promoted till only a dry matter remains in the 
cucurbit. During this operation, the liquor pafTes 
into the receiver; but the internal furface of the capi- 
tal is covered with a faline matter forming very fmall, 
thin, laminated cryftals, very mining, and very light. 
This is the fedative fait. The capital is then to be 
unluted, and the adhering fait fwept off w ith a feather ; 
the part of the liquor which palled lafl into the re- 
ceiver, is to be poured on the dry matter in the cu- 
curbit ; and a new fublimation is to be promoted as 
before, by diftilling till the matter in the cucurbit is 
dry. Thefe operations are to be frequently repeated 
in the fame manner, till no more fedative fait can be 
obtained. 

To obtain the fedative fait by cryflallizalion, borax 
is to be diflolved in hot water ; and to this folution any 
one of the three mineral acids is to be gradually added, 
by a little at a time, till the liquor be faturated, and 
even have an excefs of acid, according to Mr Beaumc\s 
procefs. The liquor is then to be left in a cold place ; 
and a great' number of fmall, mining, laminated cry- 
ftals will be formed; thefe muft be waflied with a 
little very cold water, and drained upon brown paper. 
The fedative fait obtained by this procefs is fomewhat 
denfer than that obtained by fublimation ; the latter 
being fo light that 72 grains are fufficient to fill a 
large phial. g 5> 

Sedative fait, though thus capable of being once Fixed in 
fublimed, is not, however, volatile; for it arifes only the fire- 
by means of the water of its cryftallization ; and when 
it has once loft its water by drying, it cannot be rai- 
fed into vapours by the moft violent fire, but remains 
fixed, and melts into a vitreous matter lik« borax it- 
felf. This glafs is foluble in water ; and then becomes 
fedative fait again. A great quantity of water is re- 
quired to diffolve the fedative fait, and much more of 
cold than of boiling water ; whence it is cryftallizable 
by cold, as it alfo is by evaporation ; a lingular proper- 
ty, which fcarce belongs to any other known fait. ^ Q 

This fubftance has not an acid, but a foraewh at its proper 
bitterifh, tafte, accompanied with a flight impreflion of ties, 
coolnefs. It neverthelefs unites with alkaline falts as 
acids do, and forms with them neutral falts. It is fo- 
luble in fpirit of wine, to which it communicates the 
property of burning with a green flame. It makes no 
change on the blue colour of vegetables, as other acids 
do. It expels the other acids from their bafes, when 
diftilled with a ftrong heat ; though thefe are_all ca- 
pable of excelling it in the cold, the acid of vinegar 
not excepted. 

The compofition of fedative fait is very much un- Mr liour- 
known, as no means fufficient for its decompplition delin's ex- 
have hitherto been found out. Mr Bourdelin, who periments. 
made many experiments on this fait, found that it was 
unalterable by treatment with inflammable matters, 
with fulphur, with mineral acids difengaged, or united 
with metallic fubftaiices, and with fpirit of wine. He 
0,2 could 
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its made by him on borax ant! its acid : from 
i (l). That the acid contained in borax 
is the marine, and not fedative, Tilt. (2.) That 
it i.-, the marine, he proves by having made a corroiive 
fublimate with this acid and imrcuriiu precipHfitus per 
.'.ve fait docs not enter the composition 
.xiti'clf, he proves, by theimpoflibility of re 
g borax from uniting the fedative ialt with loilile 
alkali. The ialt fo produced, he owns, is very like"bo- 
rax, but unfit ior the pnrpofes of foldering metals as 
. is. He therefore thinks, that, in the decompo- 
sition of borax, the principles of the fait are fomewhat 
red, by the addition of that acid which extricates 
the fedative fait ; and that this fait is compofed of the 
te acid originally existing in the borax, of the vi- 
triolic acid employed in the operation, and of a vitref- 
cible earth. (If this is true, then fedative fait either 
tannot be procured by any other acid than the vitrio- 
lic, or it mult have different properties according to the 
acid which procures it.) The vitrefcible earth , he 
is that which, feparates from borax during its folution 
in water, ami which abounds more in the unrefined than 
refined borax, and which he thinks confifts of a calx of 
copper, having obtained a reguhis of copper from ir. 
As lie has never been able, however, to compofe borax 
by the union of thefe ingredients, his experiments are 
by no means decifive. Mr Beaume has aliened that 
it is always produced by rancid oils ; but Dr Black 
thinks his proofs by no means Satisfactory. 

Sedative Salt combined, 

I. With Vegetable Alkali. This fait forms a com- 
pound very much refernbling borax itfelf in quality; 
but in what refpects it differs from, or how far it is ap- 
plicable to, the purpofes of borax, hath not yet been 
determined. 

II. With Mineral Alkali. This fait hasgenerally been 
thought to recompofe borax : and though Mr Cadet 
has denied this, yet ashis experiments are hitherto im- 
perfect and unfupported, we mail here give the hiftory 
of that fait, as far as it is yet known. 

This fait is prepared in the Eaft Indies. It is faid, 
that from certain hills in thefe countries there runs a 
green faline liquor, which is received in pits lined 
with clay, and Suffered to evaporate with the fun's 
heat ; that a bluiih mud which the liquor brings along 
With it is frequently ftirred up, and a bituminous mat- 
her, which floats upon the furface, taken off ; that 
when the whole is reduced to a thick confidence, 
fome melted fat is mixed, the matter covered with 
vegetable fubftances and a thin coat of clay ; and that 
when the fait has cryftalli/.ed, it is Separated from the 
earth by a Sieve. In the Same countries is found na- 
the mineral alkali in considerable quantity ; fome- 
. tolerably pure, at other times blended with he 



Keno/ various kinds. 1 
toexiftii 

ed fro i borax with vitriolic ;l '" 1 " 

further account See Borax. t ^!!i i . , 

Borax, when imported from the Kail Indies, con- : 
Sifts o; Small, yellow, and glutinous cryftals. It is re- Refiiwd, 

ifTolving it in lime-water ; others, 
in alkaline lixivia, or in a lixivium of caultic alkali ; 
. in alum-water. Ketincd borax eonSilts 
Is, each oS which is compo- 
fed of Small, Soft, and bitterilh Scales. It has been 
Said that cryftals oi this Size can by no means be ob- 
tained by di ed borax in common water ; 
that the cryftals obtained iii this way are extremely 
Small, and differ considerably from the refined borax 
of the Steps ; infomuch that Cramer calls the large 

lis, not a purified, but an adulterated bo 
When difSolved in lime-water, t lie borax fhoots into 
larger cryltals ; and largelt of all, when the veiled is 
covered, and a gentle warmth continued during the 
cryfbllization. All this, however, is denied by Dr 
Black ; who fays, that in order to accomplifh the pu- 
rification, we have only to diiiolvc the impure borax 
in hot water; to fcparate the impurities by filtration, 
after which the lalt (hoots into the cryftals we com- 
monly fee. During the didblution, borax appears glu- 
tinous, and adheres in part to the bottom of the vtS- 
fel. from this glutinous quality, peculiar to borax 
among the Salts, it is tiled by dyers lor giving a gloSs 
to Silks. 865 

All acids diiiolvc borax (lowly, and without effer- Its prapof- 
ice. It precipitates from then 1 molt, but not all, ties. 
metallic fubftances ; along with which a conliderablc 
part of the borax is generally depofited. h does not 
abforb the marine acid of luna cornea, or of mercury 
fublimate. It melts upon the furface of the former 
Without uniting, and fullers the latter torifeunchanged : 
the borax in both cafes becomes coloured ; in the firft, 
milky with red ftreaks ; in the latter, amethylt or 
purple. Mixed with fal ammoniac, it extricates the 
volatile alkali, and retains the acid ; but mixed with 
a combination oSthe marineacid with calcareous earths, 
it unites with the earth, and extricates the acid. It 
extricates the acid oS nitre without Seeming to unite 
with the alkaline balls oS that Salt ; nor does it mingle 
in Sulion with the common fixed alkaline Salts, the 
borax flowing diftincl upon their furface. A mixture 
of borax with twice its weight of tartar, difSolves in 
one Sixth of the quantity of water that would be ne- 
ceflary to dilfolve them Separately : the liquor yields, 
on infpi nation, a vifcous, tenacious mafs like glue ; 
whicli refufes to cryftallizc, and which deliquates in 
the air. Borax artords likewife a glutinous compound 
with the other acids, except the vitriolic; whence 
this laft is generally preferred for making the feda- 
tive fait. It proves moft glutinous with thevegetable, 
and leaft with the marine. With oils, both expreS- 
Sed and diftnltd, it forms a milky, Setni-faponaceous 
compound. It partially difSolves in Spirit of wine. 
In conjunction with any acid, it tinges the flame of 
burning matters green ; the precipitate thrown down 
by it from metallic folutions has this effect. It doe* 
not deflagrate with nitre. Fufed with inflammable 
matters, it yields nothing fulphureous, as thofe falts do 
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Acetsus which contain vitriolic acid. By repeatedly moiften- 
acid and ing it when conliderably heated, it may be entirely 
itscombi- fubliracd. 

mJ Borax retains a good quantity of water in its cryftals ; 
by which it melts and fwells up in a heat infufficient 
to vitrify it. It is then fpongy and light, like calci- 
ned alum; but, on increaling the lire, it flows like 
water. 
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§ 6. Of the Acetous Acid and its Combinations. 

This acid is plentifully obtained from all vinous li- 
quors, by a fermentation of a particular kind, (fee 
Fermentation, and Vinegar.) It appears fivft in 
the form of an acid liquor, more or lefs deeply co- 
loured, as the vinegar is more or lefs pure. By di- 
ftillation in a common copper-ftill, with a pewter head 
and worm, this acid may be feparated from many of 
its oily and impure parts. Diftilled vinegar is a purer 
but not a ftronger acid than the vinegar itfelf ; for 
the acid is originally lefs volatile than water, though, 
by certain operations, it becomes more fo. After vi- 
negar has been diftilled to about T r _ of its original bulk, 
it is frill very acid, but thick and black. This matter 
continues to yield, by diitillation, a ftrong acid fpirit, 
but tainted with an empyreumatic oil. If the diftil- 
lation is continued, a thick black oil continues to come 
over ; and at lait fome volatile alkali, as in the diitil- 
lation of animal fubftances. The caput mortuum left 
in the diftilling veffel, being calcined in an open fire, 
and afterwards lixiviated, yields fome fixed alkaline 
fait. 

Acetous Acid combined, 

I. With Vegetable Alkali. The produce of this combi- 
nation is the terra foliata tart art, or fal diureticus of 
the mops j but to prepare this fait of a fine white flaky 
appearance, which is neceilary for fait, is a matter of 
fome difficulty. The bell method of performing this 
operation is, after having faturated the alkali with the 
vinegar, which requires about 15 parts of common di- 
ftilled vinegar to one of alkali, to evaporate the liquor to 
drynefs ; then melt the faline mafs which remains with 
a gentle heat 3 after which it is to be dillblved in wa- 
ter, then filtered, and again evaporated to drynefs. If 
it is now dillblved in fpirit of wine, and the liquid ab- 
stracted by diitillation, the remaining mafs being melted 
a fecond time, will, on cooling, have the flaky appear- 
ance defired. 

A good deal of caution is neceffary in the firft melt- 
ing ; for the acetous acid is eafily diihpable, even when 
combined with fixed alkali, by fire. It is proper, 
therefore, that, when the fait is melted, a little mould 
be occafionally taken out, and put into water ; and 
when it readily parts with its blacknefs to the water, 
muft then be removed from the fire. The fait, when 
made, has a very ftrong attraction for water, infomuch 
that it is not eafily preserved, even when put into glafs 
bottles. To keep it from deliquating, Dr Black, 
therefore, recommends the corks to be covered with 
fome bituminous matter ; otherwife they would tranfmit 
moifture enough to make the fait deliquate. 

II. With Fofile Alkali. This alkali, combined with 
the acetous acid, forms a fait whofe properties are not 

foffile alka- well known. Dr Lewis affirms, that it is nearly fimilar 
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to the terra foliata tartari. The author of the Chemical 
Dictionary, again, maintains it to be quite different : 
particularly that it cryitallizes well, and is not dtlique- 
fcent in the air ; whereas the former cannot be cry- 
ftallized ■, and even when obtained in a dry form, un- 
less great care is taken to exclude the air, will prefent- 
ly deliquate. 

III. With Volatile Alkali. This combination produces 
a fait fo exceedingly deliquefccnt, that it cannot be pro- 
cured in a dry form without the greateft difficulty. In 
a liquid Itate, it is well known in medicine, as a fudo- 
rific, by the name offpiritus vundereri. It may, how- 
ever, be procured in a dry form, by mixing equal parts 
of vitriolic fal ammoniac and terra foliata tartari, and 
fubliming the mixture with a very gentle heat. When 
the fait is once procured, the utmoftcare is requilite to 
preferve it from the air. 

IV. With Eaiths. Combinations of this kind are but 
little known. With the calcareous and argillaceous 
earths compounds of an aftringent nature are formed. 
According to the author of the Chemical Dictionary, 
the fait rcfulting from a combination of vinegar with 
calcareous earth eafily cryitallizes, and does not deli- 
quate. With magnefia the acetous acid does not cry- 
ftallize ; but, when infpiifated, forms a tough mafs, of 
which two drachms, or two and a half, are a brifk pur- 
gative. 

V. With Copper. Upon this metal the acid of vine- 
gar does not act brifkly, until it is partly at leaft calci- 
ned. If the copper is previously dillblved in a mineral 
acid^ and then precipitated, the calx will be readily dif- 
folved by the acetous acid. The folution is of a green 
colour, and beautiful green cryftals may be obtained 
from it. The folution, however, is much more eafily 
effecied, by employing verdegris, which is copper al- 
ready united with a kind of acetous or tartareous acid,. 
and very readily dillblves in vinegar. The cryftals 
obtained by this procefs are ufed in painting, under the 
name of diftilled verdegris. 

Themoft ready, and in all probability the cheapeft, 
method of preparing the cryftals of verdegris is that 
propofed by Mr Wenzel, by mixing together the fo- 
lutions of fugar of lead and blue vitriol, when an ex- 
change of bafes takes place ; the lead being inflantly 
precipitated by the vitriolic acid, and the acetous acid 
uniting with the copper. From 15 ounces and two 
drachms of fugar of lead with twelve ounces of blue 
vitriol, five ounces of the cryftals were obtained. The 
precipitate of lead, though walked feveral times with 
water, never loft its green colour. It may either be 
ufed, he fays, in this ftate, as a green pigment, or it 
may be made perfectly white by digeftion in dilute ni- 
trous acid. 

VI. With Iron. Vinegar afts very readily upon iron, 
and dillblves it into a very brown and almoft black li- 
quor, which does not eafily cryftalllze, but, if infpif- 
fated, runs per deliquium. This liquor is employed 
in the printing of linens, calicoes, &c. being found 
to ftrike a finer black with madder, and te injure 
the cloth lefs, than folutions of iron in the other acids. 

VII. With Lead. The acetous acid dillblves lead in 
its metallic ftate very fparingly ; but if the metal is 
calcined, it acts upon it very ftrongly. Even after lead 
is melted into glafs, the acetous acid will receive a 
ftrong impregnation from it ; and hence it is dangerous 
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I thcj metallic ftate, onlj im of 

es of diililltd vine- 
It I pours of warm vinegar, 

., which is uf( 
rig, and is known by the 
preparation ot" thi 
. *nd is pn 
' Britain where lead is procurable at 
the louclt price. The procefs for making ccrtifs 
U given by the author of the Chemical Dictio- 
nary. 

" To make ccrul's, leaden plates rolled fpirally, fo 
that the fpacc of an inch {hall be left between each 
ci renin volution, mufl be placed vertically in earthen 
i of a proper lizc, containing fome good vinegar. 
Theft leaden rolls ought to be fo fupported in the pots 
hey do not touch the vinegar, but that the acid 
r niay circulate freely betwixt the circumvolu- 
tions. The pots are to be covered, and placed in a 
bed of dung, or in a land-bath, by which a gentle heat 
may be applied. The acid of vinegar being thus redu- 
ced into vapour, cafdy attaches itfclf to the furfacc of 
thefe plates, penetrates them, and is impregnated with 
the metal, which it reduces to a beautiful white pow- 
der, called cerufs. When a fuflicient quantity of it 
is collected on the plates, the rolls are taken out of the 
pots, and unfolded ; the cerufs is then taken off", and 
I are again rolled up, that the operation may be 

repeated. 

" In this operation, the acid being overcharged with 
lead, this metal is not properly in a faline ftate ; 
hence cerufs is not in cryftals, nor is folnble in water: 
but a faline property would render it unfit for painting, 
in which it is chiefly employed." 

Though this procefs may in general be juft, yet 
are certainly fome particulars neccilary to make 
cerufs of a proper colour, which this author has omit- 
ted ; for though we have carefully treated thin plates 
of lead in the manner lie directs, yet the calx always 
turned out of a dirty grey colour. It is probable, 
therefore, that after the lead has been corroded by 
rhc fleam of vinegar, it may be wafhed with water 
llightly impregnated with the vitriolic and nitrous 
acids. 

This preparation is the only white hitherto found fit 
for painting in oil : but the difcovery of another would 
be very deniable, not only from the faults of cerufs as 
a paint, but alfo from its injuring the health of perfons 
employed in its manufacture, by affecting them with a 
fevere colic ; which lead, and all its preparations, fre- 
quently occalion. 

If diftilled vinegar is poured on white lead, it will 
diffolve it in much greater quantity than either the lead 
in its metallic form, or any of its calces. This folution 
filtered and evaporated, fhoots into fmall cryftals of an 
aufterc fweetifh tafle cdWt^fugar of lead. Thefe are 
ufed in dyeing, and externally in medicines. They 
been even given internally for fpitting of blood. 
This they will very certainly cure; but at the fame 
time they as certainly kill the patient by bringing on 
other difeafes. If thefe cryftals are repeatedly diflblved 
. .h acids, and the folutions evaporated, an oily 



kind of fnbfU:icc will at laft be obtained, which can -\<<.tou« 

■ dried. ; ultl ■""• 

I the metallic combinations of the ac< tons ''^ ,on '" 
acid, it may b« recovered in an exceedingly conern- " '°" s ' . 

d form, by fimple diftillftion, uigar ol had only 878 
t< !. 11 diftilled i: 1 a retort with Influi bmu 

heat, it hath been faid that an inilammablc l)lt 'l v,rit 

fpirjt, and not an acid comes over ; 1 at this is denied '"•" V gar 
1 t> di 1 o( lead, 

by Dr Black. g.~ 

VIII. IV nh 7 in. The combination of acetous acid Tin. 

with tin is folittle known, that many have doubted whe- 

diflilled vinegar is capable of diflblving tinornot. gg c 

Dr Lewis observes, " 1 hat plates of pure tin put intoDr Lewis's 

common vinegar begun in a tew hours to be corroded, experi- 
without the application of heat. By degrees a por- nnnts con- 
tion of the metal was taken up by the acid, but did ccrn,,) ^ the 
not fetm to be perfectly diflblved, the liquor appear- ^ "^ 
ing quite opaque and turbid, and depofuing great part 
of the corroded tin to the bottom, in a whitifh powder. 
A part of the tin, it not truly dilfolved, is exquilitely 
divided in the liquor; for, after {landing many days 
and after palling through a filter, fo much remained 
fufpended as to give a whitifhnefs and opacity to the 
fluid. Acid juices of fruits, fubitituted to the vinegar, 
exhibited the fame phenomena. Thefe experiments 
are not fully conclufive for the real fallibility of tin in 
thefe acids, with regard to the purpofes for which 
chemifts have wanted fuch a folution : but they prove 
what is more important; that tin, or tinned vcffels, 
how ever pure the tin be, will give a metallic impreg- 
nation to light vegetable acids fullered to {land in them 
for a few hours." 

With regard toother metallic fubftances, neither the 
degree of attraction which the acetous acid has for 
them, nor the nature of the compounds formed by the 
union of it with fuch fubftances, are known; only, that 
as much of the reguline part of antimony is diflblved 
in this acid as to give it a violent emetic quality. See 
Regulus of Aatimoiiy. 
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Common vinegar, as any other weak acid, may be Conccntra- 
advantagcoufly concentrated by froft ; as alfo may its ted vin*. 
fpirit or the diftilled vinegar of the {hops : but as the gar. 
cold, in this country, is feldom or never fo intenfe as 
to freeze vinegar, this method of concentration cannot 
be made ufe of here. If diftilled vinegar be fet in a 
water-bath, the moft aqueous part will arife, and leave 
the more concentrated acid behind. This method, 
how ever, is tedious, and no great degree of concentra- 
tion can be produced, even when the operation is car- 
ried to its utmoft length. A much more concentra- 
ted acid may be obtained by diftilling in a retort the 
cryftals of copper, mentioned (n° 872) under the 
name of diftilled verdegris. A very ftrong acid may 
thus be obtained, which has a very pungent fmell, 
almoft as fuffocating as volatile fulphureous acid. 
The Count de Lauraguais difcovered that this fpi- 
rit, if heated in a wide-mouthed pan, would take 
fire on the contact of flaming fubftances, and burn en- 
tirely away, like fpirit of wine, without any rcliduum. gg 
The fame nobleman alfo obferved, that this fpirit, salt of vi- 
v hen well concentrated, eahly cryftallizes without ad- negar. 
duion. 

This 
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This may feem to bo the mod proper method of ob- 
taining the acetous acid in its great eft degree of* ftrength 
and purity : but as the procefs requires a very ftrong 
heat to be ufed towards the end of the operation, it is 
probable that part of the acetous acid may be by that 
means entirely decompofed. It would feem preferable, 
therefore, to decumpofe pare terra foliata tartari by 
means of die vitriolic acid, in the fame manner as nitre 
orfea-falt are decompofed for obtaining their acids. 
In this cafe, indeed, the acetous acid might be a little 
mixed with the vitriolic ; bur that could eafily be fe- 
paratcd by a fecond diflillation. A ftill better me- 
thod of preparing the acid feems to be by diftilling 
fugar of lead with oil of vitriol. The proportion ufed 
by M. Lorenzen of Copenhagen, is three ounces of 
vitriolic acid to eight of the fugar of lead. Mr Doll- 
fufs recommends two parts of fugar of lead to one of 
vitriolic acid. 
Dr Prieftley, who gives us feveral experiments on 
laments' 6 " "t^c vegetable acid when reduced to the form of air, 
mentions his being eafily able to expel it from fomc 
exceedingly ftrong concentrated vinegar, by means of 
heat alone. This feems fomewhat contrary to the 
count de Lauraguais's obfervation of the difpoiition of 
the fpirit of verdegris, as it is commonly called, to 
cryftallize : but a ftill greater difference is, that the 
vegetable acid air extinguifhed a candle, when accord- 
ing to the Count's obfervation, it ought to have been 
inflammable. The moil curious property obferved by 
Dr Prieftley is, that the vegetable acid air being im- 
bibed by oil olive, the oil was rendered lefs vifcid, and 
clearer, almojl like an ejfential oil. This is an ufeful 
hint ; and, if purfued, might lead to important difco- 
veries. 

-g Acetous acid combined with Jnfianwiabh Matter. 

Vegetable The only method yet known, of combining acetous 
acid with the principle of inflammability, is by mix- 
ing together equar parts of the ftrongly concentra- 
ted acid called fpirit of verdegris, and fpirit of wine. 
The refult is, a new kind of ether, iimilarto the vitri- 
olic, nitrous, and marine. This ether, however, re- 
tains fome of the acidity and peculiar fmell of the 
vinegar. By rectification with fixed alkali, it may 
be freed from this acidity, and then fmells more like 
true ether, but ftill retaining fomething of the fmell, 
not of the acid, but the inflammable part of the vine- 

£ ar - 

In this procefs a greater quantity of ether is obtain- 
ed than by employing the vitriolic acid : which fhows 
that the vegetable acid is effentially fitter to produce 
ether than the vitriolic. For making the acetous ether 
readily, Mr Dollfufs recommends eight ounces of fugar 
of lead dried by a very gentle heat, until it lofes the 
water of cryftallization, when it will weigh five ounces 
and fix drachms. It is then to be put into a glafs re- 
tort and a mixture of five ounces of vitriolic acid, 
with eight of fpirit of wine, poured upon it, and the 
whole diftilled with a very gentle fire. The firft ounce 
that partes over will be dulcified acetous acid, the next 
almoll all ether, and the third ether in its purefl 
Hate. 

An ether may alfo be obtained from vinegar of 
wool!. To make it, the inoft concentrated acid of this 
kind is to be made ufe of. For this purpofe an cm- 



ether. 



pyreumatic acid mufl firft be diftilled from beech- wood, Acid of 
and then rectified by a fecond diflillation. Three tartar and 
pounds of this require for their faturation five ounces ltsCGnn l ~ 
of purified alkali, which by evaporation and fufion af- * 
fords three ounces and a quarter of terra foliata tartari. 
From this, one ounce fix drachms of concentrated a- 
cid are obtained ; and this, on being mixed with an 
equal quantity of alcohol, yields two ounces one 
drachm and a half of genuine ether. 

§ 7. Of the Acid of Tartar. 

1 88j 

Tartar is a fubftance thrown off from wine, after tartar. 
it is put into cafks to depurate. The more tartar that 
is feparated, the more fmooth and palatable the wine 
is. This fubftance forms a thick hard cruft on the 
fides of the cafks : and, as part of the fine dregs of 
the wine adhere to it, the tartar of the white wines 
is of a greyifh white colour, called white tartar ; and 
that of red wine has a red colour, and is called red 
tartar. 886 

When feparated from the cafks on which it is form- Cream of 
ed, tartar is mixed with much heterogeneous matter ; tartar, 
from which, for the purpofes of medicine and che- 
miflry, it requires to be purified. This purification 
is performed at Montpelier ; and confifls firft in boiling 
the tartar in water, filtrating the folution, and allow- 
ing the fait to cryftallize, which it very foon does ; as 
tartar requires nearly twenty times its weight of water 
to diffolveit. 

The cry flats of tartar obtained by this operation 
are far from being perfectly pure ; and therefore they 
are again boiled in water, with an addition of clay, 
which abforbs the colouring matter; and thus, on a 
fecond cryftallization, a very pure and white fait is ob- 
tained. Thefe cryftals are called cream, or cryftals. 
of tartar ; and are commonly fold under thefe 
names. 

Dr Black obferves, that in the purification of tartar, 
it is neceffary to add fome earthy fubflances, in order to 
abforb or carry down the colour. Macquer thinks that 
thefe fubflances unite in part with the tartar, and render 
it more foluble, but they have little difpofition to units 
with acids ; they are the purer kinds of" clay, and pro- 
mote the complete depofition of its impurities ; fo 
that in the management of wines it is neceifary to add 
certain powdery fubflances which have fome weight, 
and fall to the bottom readily ; and which, in falling, 
carry down a number of particles that would other- 
wife float in the liquor for a long time, being fo light- 
that they could hardly be made to fubiide ; but the 
particles of clay adhering to them increafe their gravi- 
ty; and probably it anfwers the fame purpofe in the 
refinement of tartar. 

To obtain the puce Acid of Tartar. 

887- 
For a long time the cream or cryftals of tartar Scheele's 
were confidered as the purefl acid which could be analyfis of 
obtained from this fubftance ; but, in the year 1 770, crcam °*- 
an analyfis of tartar was publifhed in the Swedifh. tartar- 
tranfactions, by Mr Scheele. His method of de- 
compofing the fait was, to diffolve it in a fufftcient 
quantity of boiling water, then to add chalk in fine 
powder till the eftervefcence ceafed. A copious pre- 
cipitation enfued ;and the remaining liquor being eva- 
porated;; 
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tartar is not, as wa y luppoic 

acid ,ar kind, joined with a 

earthy impurities ; but really a compound fait, con- 
g an alkali joined with an acid ; and that the 
alkali produced from burnt tartar is not generated in 
the tire, but prc-exiltent in the fait. 

The whole icdimcnt contained in this experiment, is 
dcarcous earth combined with the acid of tartar, 
which mayjultly be called fclenita tar tart us. Iffome 
diluted vitriolic acid is poured upon this felenites tar- 
tarcus, the vitriolic acid expels tlie acid of tartar, form- 
ing a true fclcnite with the earth, while the liquor 
contains the pure acid of tartar. By inipiilation this 
acid maybe made ftrongcr, and even formed into fmall 
white cryftals, which do not dcliquate in the air. A- 
particubr fpecies of tartar extracted from forrtl hath 
been fold for taking fpots out of clothes, under the name 
of ejfcutial fait of lemons , and which is now difcovercd 
to be the fame with the acid of fugar. 

This experiment was foon after confirmed by Dr 
Black ; who fartherobferved, that if quicklime was tiled 
iultead of chalk, the whole acid would be abforbed by 
the lime, and the remaining liquor, iuftcad of being a 
folution of folublc tartar, would be a cauftic lixivium. 
The molt ready method, however, of procuring the pure 
acid of tartar fcems to be that recommended by Mr 
Schiller in the Chemical Annals for 1 787. One pound 
of cream of tartar is to be boiled in live or fix pounds 
of water, and a quartar of a pound of oil of vitriol 
added by little and little, by which means a perfect 
folution will be obtained. By continuing the boiling, 
all the vitriolated tartar is precipitated. When the li- 
quor is evaporated to one half, it muft be filtered ; and 
if, on the renewal of the boiling, any thing farther is 
precipitated, the filtration is to be repeated. The 
clear liquor is then to be reduced to the conliftence 
of afyrup, and let in a temperate, or rather a warm 
place, when very hue cryftals will be formed, a 
natch acid obtained as is equal in weight to half the 
cream of tartar employed. It too fmall a quantity of 
vitriolic acid lias been employed, the undecompofed 
cream of tartar falls along with the vitriolated tartar. 

Acid of Tar tar combined, 

I. With Vcgtablc Alkali. If the pure acid of tartar 
be combined with this alkali to the point of faturation, 
a neutral fait is produced, which deliquates in the air, 
and is not eafily cryftallized, unlefs the liquor be kept 
warm, and like wife be fomewhat alkaline. This fait, 
called folublc tartar, is ufed in medicine as a purgative; 
but as its deliquclence does not admit ot its being 
kept in acryltalline form, it is always fold in powder. 

■ thofe who prepare folnble tartar, take no 
thcr trouble than merely to rub one part of fixed alka- 
line fait with th am of tartar, which renders 
the compound • / neutral, and anfwers all the 
purpol edicine. Dr Black informs us, that in 
medical prefcriptions, where folnble tartar is ordered 
as a purgative along with a decoction of tamarinds, 
the acid of the latter will decompofe the folnble tartar, 
and th eJfcriptioa maj dered in- 
effectual. The (aline mixture I ers is nothing 
but a ;. s in folution. 

According to Mr Scliccle, cream of tartar may be 
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recompofed fi d alkali in the fol- AeM of 

inner: ** Upon fixed vi li pour fan 

a folution of the acid of tartar. C this till the It# f omb *" 

- ice is over"; the fluid will then be trani'pa- / 
but if more of the acid is added, it will bt g 

turbid and white, and Gnall cryftals like white land Rf „ c , lcra . 
will be formed in it. Thefe cry (tab are a perfect cream te( j cn urn 
of tartar. 

Upon thefc principles, another method of decompo- 
sing cream of tartar n.i^ht be tried; namely, adding 
to it as much oil of vitriol as would faturatc the alkali, 
then dillblving and cryitalli/.ing the fait : bur, by this 
method, there would be danger of the acid being adul- 
terated with vitriolic tartar. 

II. With FoJ/ile Alkali. The fait produced from an Siegnette'J 
union of cream of tartar with i'olhle alkali, has been orRochelk 
long known under the names of SicgncttS s fait , fal Ru- falt< 
pellen [is, or Rochelle fait ; but as the cream of tartar is 

now difcovercd to be not a pure acid, but adulterated 
with a portion of folnble tartar, pollibly fome differen- 
ces might be obferved if the pure acid was ufed. 

This fait was firft invented and brought into vogue 
by one Scignette, an apothecary at Rochelle, who kept 
the compofition a fecret as long as lie could. Mellrs 
Boylduc and Geoffroy afterwards difcovered and pub- 
lished its compofition. 

To prepare this fs.lt, cryftals of mineral alkali arc 
to be diflblved in hot water, and powdered cream of 
tartar thrown in as long as any effcrvcfccnce arilcs. 
For the better cryftallization of the (alt, the alkali 
ought to prevail. The liquor mult then be filtered 
and evaporated, and very fine large cryftals may be 
obtained by cold, each of which is the half of a poly- 
gonous prifm cut in the direction of its axis. This 
lection, which forms a face much larger than the reft, 
is, like them, a regular rectangle, diitinguilhable from 
hers, not only ly its breadth, but alio by two 
diilinct diagonal lines which intcrfect each other in the 
middle. The following method of preparing Sieg- 
nette's lair, recommended by Mr Schecle, feans pre- 
ferable to any other on account of its eafe and cheap* 
nefs. Thirty fix ounces of cryftals of tartar are to be 
fatufated with potalh, and eleven ounces of common 
fait diflblved in the ley. When it is grown cold, and 
the vitriolated tartar has fubfided to the bottom, it is 
filtered and evaporated till a pellicle appears ; the two 
firft cryftallizaiions yield a fine Seignette's fait ; the 
third contains fome digeftive fait ; and the fourth is 
entirely compofed of it. The reafon of this formation 
of Seignette's fait is, that the vegetable alkali has a 
greaterattraction for acids than the mineral, and there- 
fore decompofes the fea-falt, whofe bafis is then at li- 
berty to combine with the acid of tartar ; while the 
ftronger marine acid takes the vegetable alkali.— A 
fait of the fame kind will be produced by adding Glau- 
ber's fait inftead of common fea-falt. 9nm 

III. With Volatile Alkali. \\ ith regard to this com 
bination, all we know: as ytt is, that if the all. 
over-faturated with acid, a cream of tartar, almoft as 
difficult of folution as that of fixed alkali, will be ob- 
tained. When the faturation has been pretty exact, a 
beautiful fait, compofed of four fided pyramids, and 
which does not deliquate in the air, is produced. It 
is inftantly decompounded, and emits a pungent vola- 
tile fmell on being mixed with fixed alkali. 

IV. 
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IV. With Earths. All that is as yet known con- 
cerning thcfe combinations, is, that with the calcareous 
earth a compound not eafily foluble in water is form- 
ed. The other properties of this fubftance, and the 
nature of combinations of tartareous acid with other 
earths, are entirely unknown. 

V. With Copper. In its metallic Mate, cream of tar- 
tar acts but weakly on the metal, but diffolves ver- 
degris much more prfectly than diitilled vinegar can. 
The folution of cream of tartar, being evaporated, 
does not cryftallize, but runs into a gummy kind of 
matter; which, however, does not attract the moifture 
of the air. It readily diftblves in water, and makes 
a beautiful bluifh green on paper, which has the pro- 
perty of always fhining, as if covered with varnifli. 
The effects of the pure acid on this metal have not yet 
been tried. 

VI. With Iron. The effects of a combination of 
iron with the pure acid have not hitherto been tried. 
Cream of tartar diffolves this metal into a green liquor, 
which being evaporated runs per deliquium. It has been 
attempted to fubftitute a folution of this kind to the 
liquor ufed in printing calicoes formed of iron and four 
beer; but this gave a very dull brownilh colour with 
madder. Poffibly, if the pure acid was ufed, the co- 
lour might be improved. In medicine, a combination 
of cream of tartar with iron is ufed, and probably may 
be an ufeful chalybeate. 

VH. With Regulns of Antimony. See Seel:. III. 

§ 8. Of the Acid of Sugar. 

That fugar contains an acid, which on diftillation 
by a ftrong fire arifes in a liquid form, in common with 
that of molt, other vegetable fubftances, has been ge- 
nerally known ; but how to obtain this acid in a con- 
crete form, and to appearance as pure and cryftal- 
lizable as the acid of tartar, we were entirely ignorant, 
till the appearance of atreatife intitled, Di(Jertatio Che- 
mica, de acido Sacchari, auttore Johanne Afzelio Arvidf- 
fon, 4to, Upfalix. 

Of the method of procuring, and the properties of, 
this new acid, we have the following account in the 
Edinburgh Medical Commentaries, vol. iv. 

" 1. To an ounce of the fmeft white fugar in pow- 
der, in a tubulated retort, add three ounces of ftrong 
fpirit of nitre. 

" 2. The folution being finifhed, and the phlogifton 
of the fpirit of nitre moftly exhaled, let a receiver be 
properly fitted to the retort and luted, and the liquor 
then made to boil gently. 

" 3. When the folution has obtained a brownilh co- 
lour, add three ounces more of fpirit of nitre, and let 
the ebullition be continued till the fumes of the acid 
are almoft t^one. 

" 4. The liquor being at length emptied in a lar- 
ger vcftel, and expofed to a proper degree of cold, qua- 
drangular prii'matic cryftals are obferved to form; 
which being collected, and dried on foft paper, are 
found to weigh about 109 grains. 

" 5. The remaining liquor being again boiled in the 
fame retort, with two ounces of frefh fpirit of nitre, 
till the red vapours begin to difappear, and being then 
in the fame manner expofed to cryftallize, about 43 
grains of faline fpiculas are obtained. 
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" 6. To the liquid that (till remains, about twoAcidoffu- 
ounces more of faint of niire being added, and after-g ar "™ 
wards the whole being, both by boiling end evaporation ,™ m ,Da 
reduced to a dry mafs, a brown, faiine, gelatinous '_!'„ 
kind of fubftance is produced, which, when thorough- 
ly dry, is found to weigh about hall a drachm. 

" In the fame manner, a fimilar acid, we are told, 
may be obtained from different f tccharine fubflances, 
as gum-arabic, honey, ire. ; but from none in fuch quan- 
tities, or fo pure, as from fine fugar." 898 

This fait pofFefTes fome very Angular properties, ofPrefump. 

which what appears to us the molt remarkable, andtionofits 

which we cannot help reading; with fome decree ol e , x P e .!£ 
... 1 j or r 1 • thevitrn*- 

doubt, is, mat it produces an eftervefcence on being,. ., 

added to fuch alkaline, earthy, or metallic fubflances. as 
contain the vitriolic acid. From this we ihould be apt 
to think, that this acid was capable of diflodging even 
the vitriolic acid from its bails. 

Acid of fugar, being diitilled in a retort, gives over 
about -, 3 of its weight of water. By an intenfe heat 
it melts, and is partly fublimed ; leaving in the retort 
a dark grey mafs, of about the fifth part of the weight 
of the cryftals made nfe of. The fublimed fait ealily 
recovers the cryftalliue form, and feems to have under- 
gone no further change by fublimation than being ren- 
dered more pure. During the diftillation a great quan- 
tity of elaftic vapour nifties out (about 100 cubic in- 
ches from half an ounce of the cryftals), which, from 
•the diitilled liquor's precipitating lime-water, we may 
judge to be fixed air. In a fecond fublimation, white 
fumes are fent over, which, when cold, appear to be 
an acid, glaify-coloured liquor, but cannot be again 
cryftallized. " Such parts of the falts as adhere to 
the fides and necks of the veffels do not appear to be 
in the leaft changed in the procefs." On a third fub- 
limation, thefe parts produced fuch elaftic vapours as 
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This Angular fait has a confiderable acid power ; Great acid 
twenty grains of it giving a very confiderable degretpower. 
of acidity to a large tankard of water. It diffolves in 
an equal weight of diftilled water, but concretes on 
the liquor's growing cool. It is alio foluble in fpirit 
of wine; 100 parts of boiling fpirit of wine diflolving 
56 of the faccharine cryftals, but no more than 40 
when cold. The folution in fpirit of wine foon be- 
comes turbid ; and depofites a mucous fedimenc, in 
quantity about j v of the acid made ufe of. When cold, 
irregular fcaly cryftals are formed, which when dry 
are perfectly white. 

With vegetable alkali, the acid of fugar can fcarcely 
be formed into cryftals, unlefs either the alkali or acid 
predominate. With mineral alkali, a fait very diffi- 
cult of foluiion is formed. The quantity of volatile „ a 
alkali faturated by this acid is incredible. " Six parts incredible 
of a pure volatile alkali may be faturated with one of quantity of 
the acid of fugar. The produce is a quadrangular v °l at il e a *- 
prifmatic fait. With lime this acid unites foftrongly, kalifatl | ra " 
as to be feparable by no other means than a ftrong b ^ lt# 
heat. What kind of a fait refults from this combina- 
tion we are not told ; but the author is of opinion, that 
this {hows the ufe of lime in the purification of fugar 
in order to abforb the fuperfluous acid. Being fatu- 
rated with fome of the terra ponderofa, the acid of fu- 
gar immediately depolits a quantity of pellucid angu- 
lar cryftals, fcarcely foluble in water. With magne- 
R fia 
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this acid it 

produced 
from the 
nitrous. 



•1 the fait appears in form of .1 white powder, fallible 

it of wine, unlefa the acid 

kroncer affinity with maenefia than 

^ any ol ihc alkaline falts, \\ b oi alam, no 

cry (Ills led; but a yellow pellucid mafs, of 

md loiDcwh.it aftringent talk; which, In 
a m. ml air, liquefies, and increafes two-thirds in 
. 

.1 all metals, gold, filvcr, platina, 
Mid quickfilver, not excepted, if they have been pre- 
I in an acid, and then precipitated. 
Iron in its metallic fUte is diflblved in very Urge 
quantity by the faccharine acid j 45 parts of iron be- 
ing foluble in 55 of acid. By evaporation, the liquor 
(hoots inio yellow prifmatic cryflals, which are ealily 
>le in water. With cobalt, a quantity of ycllow- 
colourcl cryftals are obtained, w Inch being dilfolved 
in water, and fea-falt added to the folution, form a 
fympathctic ink. The elective attractions of this 
ii ignlar acid arc, firft, lime, than the terra ponde- 
90a r<<Jj, tnagnefia, vegetable alkali mineral alkali, and 
Saccharine lately clays. With fpirit of wine an ether was ob- 
ether. tained which cannot eafiiy be fet on fire unlefs pre- 

viou'.ly heated, and burns with a blue iuftead ot a white 
flame. 

Towards the conclufionof his diflertation the au- 
thor obferves, that fome may imagine that the acid of 
nitre made ufe of in thefe experiments, may have a 
confiderable fliare in the production of what he has 
termed acid of fugar. But though he acknowledges 
that this acid cannot in any way be obtained but by 
the affiftance of fpirit of nitre, he is thoroughly convin- 
ced that it docs not, in any degree, enter into its com- 
poiition. 

What occurs to us on this fubject is, that if the acid 
really pre-exifls in the fugar, it tnuft give fome tokens 
of its exiftence by mixing the fugar with other fubftan- 
ces befides fpirit of nitre. The author himfelf thinks 
that lime ads upon the acid part of the fugar: from 
whence we are apt to conclude, that by mixing lime, 
ina certain proportion, with fugar, a compound (hould 
be obtained fomewhat (imilar 10 what was formed by 
a direct combination of lime with the pure acid. In 
this ca(c, we might conclude that the nitrous acid pro- 
duces this fait, by combining with the inflammable part 
pt ";'-, tereby volatile, and flying en- 

tire!, the acid of the fugar pure. In 

the diftillation of dn'cified fpirit of nitre, however, we 
c of the nitrous acid itfelf being very 
red. This mult therefore fugged a doubt 
th.it the acid fait obtained in the prefent cafe is only 
the nitrous acid deprived of its phlogilton, and united 
with fome earthy particles. 

Ii .1 trcatife lately publifficd by Mr Rigby, how- 
ever, we are informed that fugar itfelf may be recom- 
pofed by uniting the acid of fugar with phlogifton ; 
which aflertion,* if well founded, undoubtedly decides 
the difpute in favour of the faccharine acid being ori- 
ginally contained in the fugar. Late experiments 
with the h avc determined it to be the fame with that of forrcl ; 
for which, as well as many other valuable acqnifitions, 
the feience of cbemtftry is indebted ecle. 

ig difTolved as much acid of fugar in cold water 
as the "liquor to -° this folution 
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couikinati- 
falt of 1 - h having precipitated 

a nitrous folution ol ver with tali of wood- • M — •> 

forrel, 1 table alkali, obtain* 

ed a white precipitate; which, when edulcorated and 

dried, and gentiy heated in a t^a-fpoon, fulminated 
with a noife not inferior 7 to that of fulminating gold. 

Acid of fugar perfectly neutralized with vegetable al- 
kali, afforded the fame precipitate, and fulminated in 
the fame manner. 

§ 9. Of the Add of Phosphorus. 

This acid was firft difcovered by Hombcrg in l'hoi'pho- 
urine; afterwards by Margraaf in milliard and cruci- ric acid, 
ferous plants: M. Bochante difcovered it in wheat; 
and laflly, M. Haflenfraiz has traced it in the mineral 
kingdom with great attention. — He has found that 
phofphorated iron is contained in all the Frullian blues, 
when not purified ; but that this acid is produced by 
the coals employed in the procefs, and is no condim- 
ent part of the tinging matter. According to him it 
occurs almoft univcrfally in the minerals of iron which 
are found in the (limy ftrata of the earth, as well as 
thofe which are undoubtedly modern, whether primary 
or fecondary; unlefs the iron be fo far of a metallic 
nature as to be attracted by the magnet, or very near 
that ftate. It is afforded by the ochry ftrata, and 
thofe which contain haematites as well as the (limy 
kind. Into thefe it is fuppofed to have come by the 
decompofition of vegetables; and to inveftigate this 
matter he examined the hibifcus palnftris, folidago, 
virga aurea, antirrhinum, lunaria, folanum nigrum, 
vulgatum, ftachys paluftris, artemifia Zeylandica, 
ruta graveolcns, lycopus Europens, carex acuta ; vinca 
major, nepeta Fannonica, and noa Abyflina. All 
thefe plants afforded the acid of wood-forrel and the 
phofphoric acid. The quantity of the former varied 
from two ounces to two drachms 18 grains of acid fait 
containing fome cjlcareons earth, to two drachms 24 
grains in a pound of each plant; the quantity of cal- 
careous phofphoric fait being from one ounce fix 
drachms 48 grains to one drachm 12 grains. — M. 
HafTenfratz alfo obferves, that the phofphoric acid is 
procurable from all forts of iron ; though in fome it 
feems to proceed from th it contained in the earth, and 
in others from the coals employed in the reduction. 

The phofphoric acid is alfo found by Dr Marquart 
to be contained in the gaftric juice of animals. One 
pound four ounces of the gaftrio juice of oxen gave 10 
grains of a lymphatic matter, exactly like the blood 
in its qualities ; 16 grains and fix-fevenths of phofpho- 
ric acid, which with a blow-pipe was changed into a 
very pure and deliquefcent glafs of phofphorus ; five 
grains of phofphorated lime, two grains of rcfin, 14 
grains of fa] ammoniac, 29 grains of common fait, a 
very fmall quantity of an extract whofe nature was 
difficult to afcertain; one pound three ounces fix 
drachms and 67; grains of water; fo that the folid 
contents were only 166th part of the bulk. 

In fheep, the quantity of gailric juice was about 
eight ounces in quantity, of a deeper and brighter 

green 



Practice. 



CHEMIST R Y. 



'3 1 




905 

Microcof- 
mic fait, 



Acid of green than that of oxen or calves; but affording the 
phofphorus fame ingredients, though in a different proportion ; 
though no other acid than that of phofphorus could 
be difcovered. It was alfo more difpofed to putrefac- 
tion. Calves furnilhed from four to fix ounces of 
galtric juice, which contained very little lymph, but 
afforded fome quantity of dry jelly, though the whole 
was not equal to the proper proportion of lymph. 
The phofphorated lime was in the ufual quantity, but 
the difengaged phofphoric acid in a very fmall propor- 
tion. The lacteal acid w 7 as found in great quantity ; 
to which, along with that of pbofpharus, our author 
fuppofes the property of curdling the milk in the ani- 
mal's ftomach to be owing. 

The phofphoric acid has alfo been found in very 
large quantity in the calcareous ftones of Andalufia ; 
and Mr Klaproth has found the fame combined with 
calcareous earth in a kind of beryl, cryflallized in hexa- 
hedral prifms, called by M. Verner apatit. — Formerly 
the bell method of obtaining it was from urine, where 
it is contained in very confiderable quantity in combi- 
nation with the volatile alkali, and forming a fait call- 
ed the microcofmic, or cfential fait of urine. 

To procure this, a large quantity of urine is to be 
evaporated to the confiftence of a thin fyrup ; which, 
how procu- being f et j n a cold place, will yield, in three or four 
r,cd ' weeks, foul brown-coloured cryftals, which are the 

microcofmic fait, mixed with the marine, and other 
falts of urine. Thefe cryftals are to be diilblved in 
hot water ; the folution filtered whilft it continues hot, 
and fet to cryftallize again ; and the folution, filtra- 
tion, and cryftallization, repeated till the fait becomes 
pure and white. In all the cryftallizations the micro- 
cofmic fait (hoots fir(t, and is eafily diftinguiihed and 
feparated from the others. If the urine which re- 
mains after the firft cryftallization be further evapo- 
rated, and again fet in the cold, it will yield more 
cryftals ; but browner and more impure than the form- 
er ; and therefore requiring to be purified by themfelves. 
From 20 gallons of urine may be obtained four ounces 
of pure fait ; a confiderable part being ftill left in the 
reftduum. 

In thefe operations the heat ought to be gentle, 
and the veffels either of glafs or compact ftone-ware. 
Urine being evaporated in a copper veffel, afforded on- 
ly a green folution of that metal. 

Concerning the nature of the microcofmic fait ob- 
graafsex- tained by the above procefs, Mr Margraaf gives the 
periments. following account in the Berlin memoirs for 1746. 

" Sixteen ounces of the fait, diflilled in a glafs re- 
tort, in a heat gradually raifed, gave over eight oun- 
ces of a volatile urinous fpirit, refembling that made 
from fal ammoniac by quicklime. The refiduum was 
a porous brittle mafs, weighing eight ounces. This, 
urged with a ftronger fire in a crucible, bubbled and 
frothed much, and at length funk down into the ap- 
pearance of glafs, without feeming to fuffer any fur- 
ther diminution of its weight in the moft vehement 
heat. 

The vitreous matter diffolved in twice or thrice its 
quantity of water, into a clear, tranfparent, acid li- 
quor, fomewhat thick, not ill refembling in confiftence 
concentrated oil of vitriol. This liquor totally cor- 
roded zinc into a white powder, which, being diluted 



906 

Mr Mar- 



with water, appeared in great part to diffolve, fixed Acid of 

alkalies occafioning a plentiful precipitation. It acted phofpfaorui 

powerfully upon iron, with fome effervefcence ; and and " s 
V it 1 • 1 ■ i c j j c 1 1 • conibma- 

changed the metal into a kind of muddy (ubdance in- tions 

dining to bluilh, in part foluble in water like ihe pre- » v > 

ceding. It diilblved likevvife a portion of regulus of 
antimony, and extracted a red tincture from cobalt. On 
lead and tin it had very little action. Copper it cor- 
roded but (lightly. On bifmuth, filver, and gold, it 
had no effect at all, either by ftrong digeftion, or a 
boiling heat. Nor did the adding of a confiderable 
portion of nitrous acid enable it to act upon gold. 

" The vitreous fait in its dry form, melitd with me- 
tallic bodies with a ftrong fire, acts upon them more 
powerfully. In each of the following experiments, 
two drachms of the fait were taken to two fcruples of 
the metal reduced to fmall parts. (1.) Gold com- 
municated a purple colour to the vitreous (alt ; on 
weighing the metal, however, its diminution was not 
confiderable. (2.) Silver loft four grains, or T ' T ; and 
rendered the fait yellowifh, and moderately opaque. 
(3.) Copper loft only two grains, or ,.%., though the 
fait was tinged of a deep green colour. It feemed as if 
a portion of the fait had been retained by the metal, 
which, after the fufion, was found to be whiter and 
more brittle than before. (4.) During the fufion with 
iron, ftafhes like lightning were continually thrown out ; 
a phofphorus being generated from the combination of 
the acid with the inflammable principle of the iron. 
Great part of the mixture rifes up in froth ; which, 
when cold, appears a vitreous fcoria, covered on the 
furface with a kind of metallic fkin, which, on being 
rubbed, changes its green colour to a yellowifh. The 
reft of the iron remains at the bottom of the crucible, 
half melted, half vitrified, and fpongy. (5.) Tin loft 
18 grains, or nearly one-half its weight, and rendered 
the fait whitifh ; the remaining metal being at the fame 
time remarkably changed. It was all over leafy and 
brilliant, very brittle, internally like zinc. Laid on 
burning coals, it firft began to melt, then burnt like 
zinc, or phofphorus. (6.) Lead loft 16 grains, and 
gave the fame whitifh colour to the fcorise that tin 
does. The remaining lead was in like manner inflam- 
mable, but burnt lefs vehemently than the tin ; from 
which it differed alfo in retaining its malleability. 
(7.) Mercury precipitated from aquafortis, and well 
edulcorated, being treated with the fait in a glafs re- 
tort, with a fire raifed to the utmoft, only 12 grains of 
mercury fublimed ; 28 remaining united with the acid, 
in a whitifh, femi-opaque mafs. A folution of this 
mixed in diftilled water, depofited a quantity of a yel- 
lowifh powder ; which, by diftillation in a glafs retort, 
was in great part revived into a running mercury. A 
part alfo remained diffolved in the clear liquor; for a 
drop let fall on polifhed copper inflantly whitened it. 
(8.) Regulus of antimony melted with the vitreous 
fait, loft eight or nine grains, (about i) ; the regulus 
affimed a fine, brilliant, ltriated appearance ; the fco- 
rise were fomewhat opaque. (9.) Bifmuth loft eight 
grains ; the fcorise were like the preceding, but the 
bifmuth itfelf fuffered little change. (10.) Zinc, mix- 
ed with the (alt, and diflilled in a glafs retort, yielded 
a true phofphorus, which arofe in a very moderate heat. 
The refiduum was of a grey colour, a little melted at 
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11.) White arfenic, mixed 
n the tire, greateft par: ol it 
l . ; behind as in- 

< J the weight of the fait eight or nine grains. 

I i at firft tranfparent; but, on 

being expofed to the air, became moid, and or" an o- 
paque whiteuefs, much refembling cryftalline arfenic. 
(12.) Cinnabar totally fublimed ; fuffering no change 
itfelf, and occafioning none in the fait. Sulphur did 
the fame, (i"-) One part of the fait, mixed with ten 
of manganefc, and melted in a clofe vctrel,gave a femi- 
tranfparent mafs, fome parts of which were bluilh. 
The crucible was lined with a fine purple glazing, and 
the edges of tiie mafs itfelf appeared of the fame co- 
lour. 

u The vitreous fait diffolved alfo, in fufion, metal- 
lic calces and earths. Chalk, with one-third its weight 
of the fait, formed a femitranfparent vitreous n 
calcined marble, with the fame proportion, tio\w I fo 
thin as to run all through the crucible ; gypium, likc- 
wife, ran moilly through the crucible ; what remain- 
ed was femitranfparent. Lapis fpecularis ran entire- 
ly through the vefTcl. Spanilh chalk gave a femitran- 
fparent mafs, which fparkled on breaking ; and tine 
white clay, a fimilar one. Saxon topaz, ami flint were 
changed into bcautifol opal coloured maffes , the earth 
of alum into a femkranfparent mafs, and quicklime 
into an opaque white one. The mafs with Hints im- 
bibed moifture from the air ; the others not. 

" Oil of vitriol, poured upon one fourth its weight 
of this fait in a retort, ran d an 1 ffi rvefcence, acquired 
abrownim colour, and afterwards became turbid and 
white. On raiting the lire, the oil of vitriol diitiilcd, 
and the matter in the bottom of the retort melted. 
In the neck was found a little fublimate, which 
moift in the air; as did likewife the remaining fair, 
which was opaque and whitiih. Concentrated fpirit 
of nitre, diftilled with this fait in the above proportion, 
came over unchanged ; no fnblimate appeared ; the re- 
iiduum looked like glafs of borax. The difl 
did not ac! in the leaft upon gold, even by coetion. 
Strong fpirit of fea-falt being diftilled in the fame man- 
ner, no fenlible change was made either in the fpirit or 
the fait. 

<< Equal pans of the vitrified microcofmic fait and 
fall of tartar being urged with the ftrongeft fire that 
a glafs retort could bear, nothing fenfible came over, 
nor did the mixture appear in thin fuflon. Diffolved 
in water, liltered, and duly evaporated, it afforded, very 
difficultly, oblong cryttals, fomewhat alkaline ; the 
quantity of alkali having been more than enough to fa- 
turate the acid. A whitiih matter remained on the 
f.'.ier, amounting to feven or eight grains, from two 
drachms of the mixture ; this, after being warned and 
dried, melted before a blow-pipe, as did likewife the 
cryltals. 

" This fait feems to extricate, in part, the acids of 

.ated tartar, nitre, and fea-falt. (1.) On diftil- 

Hore of it with an equal quantity of vitrio- 

lated tartar, there came over fome ponderous acid drops, 



winch, faturated with fixed alkali, formed a neutral fall 
greatly refembl iolated tartar. The n 

urn readily dill I difficultly cryftalli- ^'j,,,','^. 

z<d. (a.) Nitre, treated with the fame proportion oi ', 

It, began to emit red vapours. The refiduum ^ 

was of a peach -blofJbm col< 

be piect din-, and diilblved 1 
difficultly i; I lution depofited a little earthy 

matter; and, on being flowly cv. 
cryltals which did not deflagrate in the fire. (;.) 
fait, diftilled in the fame manner, manif< It'y parted w ith 
its acid ; the refid mm was whitiih, readily diffolved ill 
water, and afforded fome cubical cryftals. (4.) Sal am- 
moniac fivffcred no change. (5.) Borax, with an 1 
quantity of vitreous fait, run all through the crucibles. 

" Solutions of this fait precipitated the earthy part 
of lime-water, of folution of alum, of flint diffolved in 
fixed alkali, and the combination of marine acid • 
chalk or quicklime. The precipitate from this I aft 
liquor is tenacious like glue, and decs not diffolve 
even in boiling water; expofed to a ftrong fire, it 
froths prod igiou fly, and at 1 ait melts into a thick fcoria. 

" Solutions of this fait precipitate alfo fundry me- 
tallic folutions; as butter of antimony, folutions of 
filver, copper, lead, iron, mercury, and bifmuth, in 
the nitrons acid ; and of tin in aqna-regis. The pre- 
cipitate of iron from fpirit ol fait is a tenacious mafs ; 
that of filver from aquafortis, fometimes a white pow- 
der, fometimes tenacious. Copper from aquafortis is 
fometimes thrown down in form of a white powder, 
and fometimes in that of a green oil, according to the 
proportions and diliuenefs of the liquor. Silver is not 
precipitated at all by this acid from its folution in vine- 
gar, nor gold from aqua-regis. 

** An ounce of the vitreous fall, well mixed with 
half an ounce of foot, and committed to diftillation, 
yielded a drachm of fine phofphorus, The black refi- 
duum, being elixatcd with boiling water, at d the li- 
quor palled through a filter, there remained upon the 
filter tight fcruples of a black matter ; and, on evapo- 
rating and eryftallizing the liquor, about feven drachms 
were obtained of oblong cryftals, which did not dcli- 
quate in a moift air, but became powdery in a warm 
one. Theic cryftals, treated afrcfh with inflammable 
matter, yielded no phofphorus. Before a blow-| ipe 
they melted into a tranfparent globular mafs, which on 
cooling, became turbid and opaque. Diffolved in wa- 
ter, they precipitated folutions of filver, mercury, cop- 
per, and of chalk ; though they did not act upon 
the latter fo powerfully, nor produce with it a gluey 
mafs, as before they had been deprived of their phol- 
phorine acid." 

Mr Wieglcb informs us, that the phofphoric acid 
exhibits lefs affinity with calcareous earth, in the moift 
way, than the vitriolic ; though it cannot be fe pa ra- 
ted from the ultimate refiduum of the c tlcarcous earth 
by that aciJ. It expels, however, all the liquid acids 
from their bafis in the dry way. It precipitates iron 
from a folution in vitriolic acid, of a perfectly white 
colour. For the ufes of this acid as a flux, fee the arti- 
cle BLon-pipe. 
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The acid may be obtained from thefc infects cither How pro- 
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Acid of by diftillation, or fimple infufion in water. From 
phofphorus twenty-four ounces of ants, Neumann obtained eleven 
ounces and a half of acid as ftrong as good vinegar, 
by diftillation in lulneo mariae. Ol this acid, Mr Mar- 
graaf gives the following account in the Berlin Me- 
9°8 moirs for i 749. 
Its proper- « -phe ac ,j f ants effrvefces with alkaline fairs, 
tae8, both fixed and volatile. With volatile alkalies it forms 

a neutral liquor, which, bke that coRipofcd of the fame 
alkalies and vinegar, yields no concrete fail on diftilla- 
tion. With fixed alkalies it concretes, upon proper 
exhalation, into oblong cryftals, which deliq'iate in 
the air. The cryftals, or the faturated neutral li- 
quor uncryftallized, on being diftilled with a fire 
increafed till the retort began to melt, yielded, a 
liquor fcarce fenfibly acid, and afterwards a fmall 
quantity of an urinous and partly ammoniacal liquor. 
The remaining black matter, diflblved in diftilled 
water, filtered and evaporated, (hot into large cryftals 
which did not deliquate in the air, though they were 
in tafte ftrongly alkaline, effn deed v. ith acids, and 
had all the other properties by which fixed alkaliesare 
diftinguifhed. 

" This acid diffolves, with great effervefcence, coral, 
chalk and quicklime; and concretf-s with them all into 
cryftals which do not deliquate in the air. 

"■ It docs not precipitate lilver, lead, or mercury, 
from the nitrous acid ; nor quicklime from the ma- 
rine. Hence it appears to have no analogy to the ma- 
rine or vitriolic acids; the firfl of which confUntly 
precipitates the metallic folutions, and the other the 
earthy. 

" It does not aft upon filings of filvcr; but (like 
vegetable acids), it totally diflblves, by the afliftance of 
heat, the calx of lilver precipitated from aquafortis by 
fait of tartar. 

" It does not diflblve calces of mercury, (as vege- 
table acids do) ; but revives them into running quick- 
filver. 

" It acts very weakly upon filings of copper ; but 
perfectly diflblves copper that has been calcined. The 
folution yields beautiful compact green crylt lis. 

" It diflblves iron-filings with violence ; the folu- 
tion duly evaporated, ihoots into cryftals more readily 
than that made in diftilled vinegar. It fcarcely acts at 
all upon filings of tin. 

" It does not, according to Mr Margraaf, corrode 
filings of lead; but diflblves, by the afliftance of heat 
the red calx of lead. The folution cryftallizes into a 
faccharum faturni. In Mr Ray's philofophical letters, 
it is faid, that lead ywt into the acid fpirit, or fair wa- 
ter, together with the animals themfelves, makes a 
good faccbar urn faturni ; and that this faccharum, on be- 
ing diftilled will afford the fame acid fpirit again, 
which the faccharum faturni made with vinegar will 
not do, but returns an inflammable oil with water, 
but nothing that is acid ; and faccharum faturni made 
with fpirit of verdegris doth the fame in this refpect 
With the fpirit of pifmires. 

" It diflblves zinc with vehemence, and Ihoots, up- 
•n due evaporation, into inelegant cryftals, not at all 
like thofe produced with diftilled vinegar. On bif- 
muth, or regulus of antimony, it has little effect, ei- 
ther when calcined or in their metalline flate. 




§ 11. Of the Acid of Amber. 

The nature of this acid is as yet but little known, 
and Mr Pott is the only chemift who feems to have 
examined it with accuracy. We fliall therefore give 
an abltract of the principal obfervations and experi- 
ments he has made on this fait. 909 

" Salt of amber requires a large quantity of water Mr Potts 
for its folution. In the firft cryftallization (being ex P en * 
much impregnated with the oil which rifes from the ments - 
amber along with it), it fhoots into fpongy flakes, in 
colour refembling brown fugar-candy ; the cryftals 
which fucceed prove darker and darker coloured. On 
repeating the depuration, the cryftals appear at top 
of a clear yellow or whitifh colour, in form of long 
needles or feathers; at bottom, darker, and more ir- 
regular, as are likewife the cryftals which (hoot after- 
wards. The cryftals neither liquefy nor become pow- 
dry in the air: rubbed, they emit a pungent fmell like 
that of radilhes, efpecially if warmed a little; their 
tafte is acid, not in the leaft corrofivc, but with a kind 
of oily pungency. 

" This fair, kept in the heat of boiling water, lofts 
nothing of its weight, and fuffers no alteration. In a 
great heat it melts like oil ; after which a little oily 
acid arifes, then oily ftriae appear in the lower part of 
the retort, and the fait fublimes into the neck, partly 
in the form of a dark yellow butter, and partly in 
that of feathers, a black coaly matter remaining at 
bottom ; fo that, by this procefs, a part of the fait is 
deftroyed. 

" Oil of turpentine has no action on this fait. 
Highly rectified fpirit of wine gains from it a yellow 
colour in the cold; and, on the application of heat, 
diflblves a confiderable quantity, but depofites great 
part of it on cooling. The fait thus depofited is fome- 
what whiter than before, but ftill continues fenfibly 
yellow. The dulcified fpirit of fal ammoniac diflblves 
it readily, without effervefcence, into a yellow liqour; 
if the fait was foul, the folution proves of a red co- 
lour; on burning of the vinous fpirit, a neutral liquor 
remains. 

" A folution of fait of amber in water, faturated 
with a pure alkaline lixivium, yielded, on infpiflation, 
a faline matter, which would not cryftallize, and 
which when exficcated by heat, deliquated in the air, 
leaving a confiderable proportion of an earthy, unc- 
tuous matter. Being again gently infpiflated, it left 
a brownifh fait very foluble, weighing one half more 
than the fait of amber employed. This fait effervef- 
ced with the vitriolic and nitrous acids : the vapour, 
which exhaled, was not acid, but oily and fulphureous. 
On repeating the experiment, and fully faturating the 
alkali with the fait of amber, the neutral fait made no 
effervefcence with thefe acids. This fait did not per- 
fectly melt before a blow-pipe ; continued in the fire 
for fome time, it effervefced with aquafortis. In dif- 
tillation it yielded a bitter, oily, alkalefcent fpirit, 
much refembling the fpirit of tartar ; and towards the 
end, an empyrenmatic oil. The relidnum elixated, 
yielded the alkaline fait again of a brown colour. 

" Salt of amber effervefces frrongly with volatile 
alkalies; and, on futuration, forms with them an oily 
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" On di tilling fait of amber with an equal quanti- 

. 1 11c acid fpirit 

r, ol a Itrong fmell, aiul a brown colour: 
afterwards, a little white fal ammoniac fublimed; at 
length aiofc fuddenly a large quantity of a fuliginous 
.ring behind a fmall portion 
of a like ihining black fubftauce. The cody matter 
was confidcrably more in quantity than the la It of am- 
ber employed. On treating it with nitre, red va- 
arofe, and the mixture detonated with vio- 
ore of it with borax, frotlied and fwell- 
rd up much more than borax by itfelf; and, on rai- 
ling the fire, yielded only fome oily drops ; the acid 
being deiiroyed by lh is fait, as by fixed alkalies and 
q licklime. 

" Spirit of fea-falt, poured npon one-fourth its 
weight of fait of amber, made fcarce any folution in 
the cold: on the application of heat, nearly the whole 
coagulated into the confidence of a jelly. In difiilla- 
tion, the fpirii of fait arofe firfl ; then almoft the whole 
of the fait of amber, partly like firm butter, partly like 
longftriated plumous alum, very pure, and of a fine 
white colour, its oily matter being changed into a 
coal at the bottom. The fait, thus purified, makes 
no precipitation in the folution of filver, and confe- 
quently retains nothing of the marine acid ; nor does 
it precipitate folution of quicklime made in fpirit of 
fait, and consequently contains nothing vitriolic. If 
any of the mineral acids was contained in this fait, it 
could not here efcape difcovery ; the oil, which in the 
rough fait is ftippofed to conceal the acid, being in this 
proeefs Separated. 

" Aquafortis being poured upon one-fourth its 
weight of fait of amber, extracted a yellowilh colour 
from it in the cold, but diflblved little : on the appli- 
cation of heat, the whole diflblves into a clear liquor, 
without any coagulation : if the fait is very oily, the 
folution proves red. In diftillation, the greateftpart a- 
rifes in a liquid form, with only a very fmall quantity 
of concrete fait. The fpirit does not act upon gold, 
but diflblves filver, and quickfilver, as at firft i a proof 
that it has received no marine acid from the fait of 
a mb 

" Oil of vitriol being added to twice its weight of 
fait of amber diluted with a little water, a moderate 
fire elevated an acidulous, liquor, which appeared to 
proceed from the fait of amber; for its making no 
change in folution of fixed fal ammoniac, fhowed it 
not to be vitriolic. On continuing the diftillation by 
a flronger fire, greateft part of the fait arifes unde- 
ftroyed] and the oil of vitriol along with it; a black, 
light, porous earth remaining. 

« Equal parts of quicklime and fait of amber gave 

over in diftillation only an acidulous phlegm ; the refi- 

duum, d with water, yielded a folution of the 

in the acid of amber, refcmbling a folution of the 

table acids, precipitable by alkaline 

. md by the vitriolic arid. Lime, added to a wa- 

folution of fait of amber, diifolves with fome ef- 

fcence ; after which, the whole coagulates into 



the confilleiice of a jelly: this, diluted with water, Acid of ar> 
proves fimilar to th< l 



Solution of fait of amb< no precipitation 



- 



the 



in folution of Giver or quickfilver. It diflblves zinc, 
as all acids do : : 1 lies precipitate the zinc : the 

volatile do not ; and when a fiulicient quantity of the 

le has been added, ihe fixed make no precipitin *"' to( ^™" 
tion. It acts exceedingly llowly and difficultly upon ™{j 
copper; but corrodes calcined copper in a ihorter time. 
It loon corrodes iron, by coction, into a crocus, and 
diflblves a part into a liquid form: the folution has 
little colour; but alkaine falls readily difcover that 
it holds iron, by rendering it turbid and whitifh, and 
throwing down a confiderable quantity of a grecni/h 



§ 12. Of the acid of Arsenic. 
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Mr Scheele firft perceived, from fome expeiiments How firft 
on mangancfe, that arfenic contained phlogifton: from oifcovered. 
whence he was led to an analyfis of this fubflance, 
which produced an acid of a very fingular kind ; by 
uniting of which with phlogifton in certain propor- 
tions, either white arfenic or its regulus may be com- 
posed at pleafure. yx-j 

White arfenic may be decompounded in two ways. Two ways 
1. Put two ounces of it reduced to a fine powder in a of decom- 
glafs mortar into a retort of the fame materials ; pour P oun ^'"g 
upon it feven ounces of pure muriatic acid, whofe fpe- al cmc ' 
citic gravity is to that of water as 10 to 8 ; and lute on 
a receiver. The arfenic is quickly diilblved in a boil- 
ing heat, which mult be brought on as quickly as pof- 0I g 
fible. After the folution is accomplished, while the i; y meant 
liquor is ftill warm, three ounces and a half of nitrous of nitrous 
acid, of the fame fpecific gravity with the muriatic acid, 
above-mentioned, is 10 be added, and the liquid which 
had already gone over into the receiver poured back. 
The receiver is then to be put on again, but not luted ; 
the mixture foon begins to effervefee, and red vapours 
go over into the receiver. The diftillation is to be con- 
tinued till thefe vapours ceafe ; when an ounce of 
finely powdered arfenic is again to be added, ihe re- 
ceiver applied as before, and a gentle ebullition con- 
tinued till the fecond quantity of arfenic be diilblved. 
An ounce and an half of nitrons acid is then to be 
added, and the mixture diftilled to drynefs, increafing 
the fire towards the end, fo as to make the retort red 
hot. The acid which comes over into the receiver may 
ferve again feveral times. The white mafs which re- 
mains in the retort is the dry acid of arfenic. It may 
be reduced to a liquid form by pouring upon it, in 
coarfe powder, twice its weight of difiilled v\ater, and 
boiling for a few minutes, pouring back the liquor 
which comes over, and afterwards filtering the folu- 
tion through blotting paper, which has been previoufly 
warned in hot water. 

In this proeefs the nitrous acid attacks the phlo- 
gifton of the arfenic, is volatilized in confequei.ee of 
its union with it, and leaves the more fixed but lefs 
powerful acid of arfenic behind. The nitrous acid 
would alone be fufficient for this purpofe, could it ac- 
curately come into coniaft with the particles of arfe- 
nic; but this cannot be done uitthout folution, and 
the nitrous acid is capable of difiblving arfenic only in 
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proportion to the water it contains. Too great a quan- 
tity would therefore be required were this acid to be 
11 fed by itfelf; but by the life of muriatic acid for the 
fohuion, a fmaller quantity of fpirit of nitre is admit- 
ted to intimate contact with all the arfenical particles, 
an 1 has an opportunity of depriving them of their phlo- 
gifton. Aqua-regia might be poured upon the arfenic 
at once; but the greateit effervefcence it excites would 
throw the mineral up to the top in fuch a manner that 
the menftruum could not aft upon it. By the opera- 
tion of dephlogiftication, arfenic lofes a fifth part, 
which is fuppoled to be pure phlogifton. 

The other method of decomposing arfenic is, ^y 
means of the dephlogifticated fpirit of fait. For this 
purpofe, take one part of powdered manganefe, and 
mix it with three of the muriatic acid above-mention- 
ed. Put it into a retort, of which it may fill one- 
fourth ■, a receiver containing one-fourth of powdered 
arfenic, with one-eighth of diftilltd water, is to be luted 
on, and the retort put into a fand-bath. The dephlo- 
gifticated muriatic acid, going over into the receiver, 
is inftantly abforbed by the arfenic ; which fome hours 
afterwards will be diflblved, and two different liquid 
ftrata, which cannot be mixed together, will be per- 
ceived in the receiver. This fohuion is now to be put 
into a clean glafs retort, and diftilled to drynefs ; in- 
creasing the fire at la ft to fuch a degree as to make 
the whole red hot : and in this procefs alfo two dif- 
ferent liquids pafs over into the receiver which do not 
unite together. 

Here the manganefe attracts the phlogifton of the 
muriatic acid ; and as this dephlogifticated acid has a 
very ftrong attraction for phlogifton, it deprives the 
arfenic of its phlogifton, and thus recompofes the or- 
dinary phlogifticated muriatic acid. This portion of 
recompofed acid diffoives part of the arfenic, forming 
with it what is called butter of arfenic. The other part 
of the arfenic which has been decompofed, diffoives in 
the water, and forms a liquid Specifically lighter than 
the butter, and therefore fvvims above it. On recti- 
fying the two liquids, the undecompofed portion of 
the arfenic arifes along with the muriatic acid, and 
goes over into the receiver in form of an heavy oil, 
while the acid of arfenic remains behind in the retort. 
The acid obtained in this way is precifely the fame 
with the former, and one would hardly believe that it 
is an acid, becaufe it has no acid taite ; but after fome 
days it grows moift in the air, and at laft deliqnates, 
affuming the appearance of oil of vitriol. As the de* 
liquefcence, however, is very flow, it is proper to dif- 
folve it in a certain quantity of water, when a fmall 
quantity of white powder remains undiffolved, after 
preparing it by the fir ft procefs, which is liliceous earth 
derived from the retort. This ought to be carefully 
feparated from the acid by filtration ; and in order to 
prevent the glue of the blotting-paper from mixing 
with the acid, it was directed to waih the filter with 
hot water previous to the operation. 

The firit experiment M. Sc'recle tried on this acid 
after he had obtained it, was to difcover if it was as 
noxious to animals as when combined with phlogifton. 
Having mixed a little with honey, the tlies that eat of 
it died in an hour ; and eight grains reduced a cat to 
ihe point of death in two hours. Some milk, how- 



ever, being then given to the animal, it vomited vie- Acid of 
lently, and ran away. arfemcand 

2. An ounce of dry aci 1 of arfenic, heated in a fmall lts com " 1 " 
, . , , . ....',. , nations. 

phial to near the point ot ignition, melts into a clear ., 

liquid, which congeals when cold ; but if the heat be 921 
increafed till the vetfel begins to melt, the acid begins Eafily re- 
to boil, refumes its phlogifton, and arfenic fublimes in fumes its 
greater quantity as the heat is longer continued. Af-P °S " 
ter fubjecting the acid to this violent heat in a retort 
for an hour, the veffel melted, and the acid had rifen 
up as high as the neck. 

3. In a crucible the arfenic attracts phlogifton in 
greater quantity, and is entirely diffipated in arfenical 
vapours ; a little clear and difficultly fufible glafs, con- 
fifting of clay and the acid of arfenic, remaining in the 
crucible. oaz 

3. With powder of charcoal the arfenical acid UH-Takesfire 
dergoes no change ; but if the mixture be put into a and fub- 
retort, the moifture all driven off, a receiver then luted Iirr *es char- 
on, and the heat increafed till the bottom of the retort c ' 
becomes red hot, the whole mafs takes fire with vio- 
lence ; all the acid is reduced, and fublimed into the 

neck of the retort ; a (tuning regulus is obtained, mixed 
with a little arfenic and charcoal duft. A few drops 
of water are found in the receiver, but they do not 
contain a particle of acid. 023 

4. The arfenical acid, after fome days digeftion Appear- 
withoil of turpentine, unctuous oil, and fugar, becomes ance with 
black and thick. If fome muriatic acid be diftilled °"~ tUE " 
from this, a little nitrous acid added, and the diftilla- P/ ntlllc > 
tion repeated, fome acid of arfenic is left behind. Spi- 
rit of wine undergoes no change either by digeftion or 

dift illation with arfenical acid. 024 

5. Six parts of acid digefted with one of fulphnr With ful- 
fnffer no change ; but when the mixture is evaporated phur. 

to drynefs, and then fnbjected to diftillation in a glafs 
retort, the two unite with great violence at that de- 
gree of heat in which fulphnr melts; and the whole 
mat's rifes almoft in the fame inftant, in form of a red 
fublimate ; a little fnlphureous acid in the mean time 
going over into the receiver. 02 ^ 

6. Acid of arfenic, faturated with vegetable fixed Combined 
alkali, forms a dcliquefcent fait which does not cry- with vege- 
ftallize, but turns fyrup of a violet green, though ji ta olefixed 
produces no change on the tincture of lacmus. On 

the addition of a little more acid, however, when it 
reddens lacmus, but makes no alteration on the fyrup 
of violets, the liquor will afford fine cryftals like Mr 
Macquer's neutral fait of arfenic. On keeping this fait 
for an hour in fufion in a crucible covered with another 
luted upon it, the infide of the veffel was found co- 
vered with a white glazing, and a fait remained, which 
was Mill the fame arfenieared fait with excefs or acid. 0I g 

7. On diftilling this fait in a retort with an eighth- Thislalt 
part of charcoal- duft, it began to boil very violently decorapo- 
as foon as the retort became red-hot, and a very fim fed by 
regulus of arfenic fublimed. The black refidui;m chareoa1 ' 
contained the alkali entirely feparated from the arfeni- 
cal acid. 92? 

8. With mineral alkali the acid of arfenic forms Com bund 
cryftals when perfectly neutralized, but not if added with mire- 
to excefs. In that cafe, the mafs becomes deliquef- ral alltali - 
cent like the former when neutral. g 

9. With volatile alkali a fait much refcmbling the "With vohu- 

tyyo tile alkali* 
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Thefi . cr heat, | the whole 

. which is partly decomposed ; lome 

irfenic is formed by the union of the phlogiflon of 

the alkali with part of the arfenical acid ; the remain- 
der of which alliums a milky colour, and lies in the 
bottom of the*retort. 

10. Acid of arfenic diflilled with vitrioTlted tartar 
expels the vitriolic acid in a violent heat, which comes 
over in a concentrated but fulphurcous (late, leaving 
the arfenical fait formed of the acid and alkali united. 
With Glauber's fait the vitriolic acid alio riles, and with 
lefa heat than when vitriol at cd tartar is made ufe of. 

i i. One pari of nitre diflilled with three of acid of 
arfenic, yielded a fpirit of nitre, together with the 
neutral arfenical fait already mentioned. 

12. One part of common (alt with three of arfeni- 
cal acid, yielded lome fmoking part of fait. The re- 
fiduum dillolvcd in water gave cryflals of common 
fait, and a thick magnum, which would not cryftal- 
lize till the fnpcrrluous arfenical acid was taken away 
by adding powdered chalk, when it yielded cryflals 
fitnilar to thofe produced by the acid and pure alkali. 

13. With fal ammoniac the product was firft fuming 
■a with fal muriatic acid, then volatile alkali in a liquid (late, af- 
ammoniac. ltr that arfenic, and laftly part of the arfenical acid 

remained in the retort. 
po- 14. Spathum ponderofum, and gypfum, both part- 
el with their acids, which were become fulphurcous. 

t,uml l ,OH * The former did not yield its acid till the retort be- 
nerofi 1, 

fum " '$• One part of fluor mineral was mixed with four 
6.4 of ' into a receiver having 

Cannot ex- a litlh When ;he retort grew red-hot, 

prl the fi] red fubftance fublime3. Some 

fluor acid. f u |ph ir l( n0 ne of ihc acid of finer, went 

over. A grey- cdoured refiduum was left in the retort ; 
which being divided into, two pans, one was mixed 
with charcoal-powder and diflilled with a firong fire, 
without the production of either arfenic or regulus ; 
the oilier was mixed with four parts of acid of arfe- 
nic, and fubjected to a fecond diltillation. Wlien the 
mafs grew dry, a liitle yellow fal ammoniac was fub- 
limed, and the water was covered with a cruft of lili- 
ceous earth, as in the ufual diftillations of that mineral. 
16. Arfenical acid precipitates lime-water, by uni- 
c ting with the calcareous earth dilTolvcd in it. By the 
addition of more acid, the precipitate isdiffolved, and 
the liquor yields fhiall cryflals, which let fall a fele- 
6 ;6 tiite on the addition of vitriolic acid. 
Phcnomc- 17. On the addition of powdered chalk to arfenical 
acid diluted with water, the earth is at firfl diffolved, 
but by adding more chalk the whole is coagulated in- 
to fmall cryflals. 

Witkmig- ^aelia dilTolves in the arfenical acid, and the 

ucGa. • folution coagulates when it comes to the point of fatu- 
raiion. On diflblving the coagulum in a larger quan- 
tity of water, it becomes gelatinous by evaporation ; 
and if the jelly be lixiviated with water, filtered, and 
evaporated, a vifcid mafs remains, which refufts to 
(lallizc 
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19. Earth of alum precipitated by alkali of tartar, . 
ily foluble In -cid, and coagulates a 

IS it arrives at the point of faturaiion. Evapo- ,u 5°' 

to drynefs, mixed with fome charcoal powder, J_!!^l , 

and then fubjected 10 ftrong diltillation, a little yellow 938 
f .lblimate arifes into the neck of the retort, as likew ile Witl 
fome mining regulus, while a volatile fulphurcous acid of allllH - 

over into the receiver. The refiduum diffelvcs 
with diiliculty in the vitriolic acid, though lome cry- 
ftals of alum will form in the (pace of two months. „,,, 

20. Foot parts of arfenical acid mixed with one With white 
of powdered white clay, did not diffolve any part by cl»y. 
<1igelfton for a fortnight. By diftillation in a retort 

till the vclicl began to melt, it was convened into a 
thick flux, and a little arfenic fublimed. By mixing 
the refid mini with a little powdered charcoal, a mining 
regulus was fublimed. 040 

21. Terra ponderofa dUTolves readily in the acid of With terra 
arfenic, but precipitates again as foon as it has attained ponderofa. 
the point of faturation. The folution is precipi- 
tated by acid of vitriol, and forms regenerated pon- 
derous fpar. 941 

22. Gold is not acted upon by acid of arfenic, cither With gold, 
by digeftion or otherwifc ; nor is its folution precipi- 
tated, though the retorts nfed in the operation were 

ftained with red and yellow fpots, which could not be 
taken off'; nor is its action increafed by mixture with 
muriatic or with nitrous acid. „. a 

23. Pure platina is not acted upon. Its folution phtina. 
is not precipitated by the pure arfenic:! acid, bin rea- 
dily by the arfenical falts. The precipitate is yellow, 

and diffolvcs in a large quantity of water, Lut contains 
no mark of arfenical acid. Addition of muriatic or of 
nitrous acid makes no change in its effects. q 4 j 

24. Pure filver is not acted upon by the arfenical Silver, 
aci I in digeftion. On augmenting the fire till the 

acid mtlted, and keeping up this d< h< 1 for 

hall an hour, the metal diffolved, and on breaking the 
retort, acolourlefs glaffy mafs, nearly transparent, was 
found in it ; the retort being covered with a flame- 
coloured glazing, which could not be feparated from 
it. By a great degree of heal the filver was reduced 
without addition. Solution of filver is precipitated by 
pure acid of arfenic, but more effectually by the 
neutral arfenical falts : the precipitate is of a brown 
colour, and by digeftion in muriatic acid is changed 
into lunea cornea ; it is alfo foluble in fpirit of fal am- 
moniac prepared with quicklime. The action of the 
arfenical acid upon filver is con fid era bly increafed by 
mixing it with fpirit of fca-falt ; the former attacking 
the phlogiflon of the metal, while the latter attacks 
its earthy balls. 044 

25. Quickfilver is not acted upon by digeftion with .Quick- 
arfenical acid. On putting the mixture into a retort, fiWen 

i ig to drynefs, and then increafing the fire, the 
mafs becomes yellow, quickfilver rift s into the neck of 
the retort, with a little arfenic. and fome yellow fubli- 
mate ; but though the fire was augmented till the re- 
tort began to melt, the mafs could not be (v.fa\. Three 
drachms and an half »f quickfilver were obtained out 
of fix employed in the experiment ; the arfenical acid, 
therefore, contained two was 

hat yellow : il readily in muriatic 

ccid, but fcarcely at all in the nitrous or vitriolic ; on 
evaporation to drynefs aid diftillation, fome corrofive 

fublimatc 
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fublimatc rofe into the neck of the retort ; the refi- 
duum., melted in a very ftrong tire, proved to be acid 
arfenic. Another portion of the mafs, diftilled with 
two pins of common fait, yielded corrofive fubli- 
matc 

26. Acid of arfenic diflilled with corrofive fubli- 
mate undergoes no change; but by fublimation with 
mercurias dulcis, a corrofive fublimate is obtained. 
Some have afTerted, that by fubliiBing arfenic with cor- 
rofive fublimate,' a butter of arfenic is obtained ; but 
Mr Scheele informs us that this is a miftake ; and that 
by diftilling this mixture, he conftantly obtained cor- 
rofive fublimate at firft, and arfenic afterwards. With 
regulus of arfenic, however, a fmoking butter of 
arfenic, mercurius dulcis, and fome quickfilver, arc 
obtained. The fame thing happens with a mixture of 
orpiment and corrofive fublimate. 

27. Arfenical acid dilfolves copper by a digefting 
heat. The folution is of a green colour : a quantity of 
light blue powder is depofittd, and attaches itfelf to 
the copper. This powder confifts of the acid of arfe- 
nic and calcined copper. On mixing two parts of dry 
acid of arfenic, in line powder, with one of filings 
of copper, and diftilling the mixture, fome arfenic 
*ofe into the neck, and the mafs melted and turned 
blue. On boiling it with water, the fohuion was fi- 
milar to one made directly from acid of arfenic and 
copper. A little copper remained in the bottom of 
the retort, which was tinged with brown, red, and 
yellow fpots, infoluble in any meuftruum. The folu- 
tions of this metal are not precipitated by arfenical 
acid, but the acetous folution is. Neutral arfenical 
falts throw down a blue precipitate, which by expo- 
fure to a ftrong fire, turns brown and covers the itifide 
of the containing vefTel with a yellow enamel. On 
mixing the fcoria in a fine powder with a little lamp- 
black, fome fine regulus of arfenic fublimed, and the 
copper in the refiduum was reduced. 

28. With iron the acid of arfenic forms a gelati- 
nous folution, which by expofure to the air grows fo 
thick that in two hours time it will not flow out at the 
mouth of a phial. With alkali of tartar a whitifh 
green powder is thrown down ; which being edulco- 
rated and diflilled in a glafs retort, yields fome arfenic, 
and leaves a red ochre behind. On diftilling four 
parts of arfenical acid with one of iron filings, the mafs 
effervefced ftrongly towards the end; and when it be- 
came dry, took fire in the retort upon increafing the 
heat, when both arfenic and regulus of arfenic were 
fublimed. The refiduum was black, friable, and con- 
tained but little acid of arfenic ; the retort was co- 
vered with yellowifh brown fpots. Solutions of iron 
in mineral acids are not precipitated by acid of arfe- 
nic, but the acetous folution lets fall a dark brown 
powder. All the folutions are precipitated by the 
arfenical neutral falts, the precipitates by a ftrong 
fire, converted into black fcoriae.; which mixed with 
powdered charcoal, and calcined, yield copious va- 
pours of arfenic, and are afterwards attracted by the 
magnet. 

29. Lead digefted with arfenical acid turns black 
at firft, but in a few days is furrrounded with a light 
greyim powder, containing fome arftnic which may 
be feparated by fublimation. On diftilling one part 
of fhavings of lead with two of <ky acid of arfenic f 



the lead was difTolved, the mafs flowed clear, and a Acid of 
little arfenic rofe into the ntck of the retort, A ai 'f cmcan< * 



its combi- 
nations. 



milky glafs was found in the bottom, which by boil- 
ing in diflilled water, let fall a quantity of white pow- 
der, the fnperfluous acid being dilTolved in the water j 
the edulcorated powder yielded regulus of arfenic by 
diftillation with charcoal. Solutions of lead in ni- 
trous and muriatic acids are precipitated by arfenical 
acid. 950 

30. Tin digefted with acid of arfenic becomes firft With tin. 
black, then is covered with a white powder, and af- 
terwards becomes gelatinous. One part of tin filings 
diftilled with two of acid of arfenic, took fire as foon 

as the retort became red-hot, and immediately after 
both arfenic and a little regulus were fublimed. The 
tin was diiiblved into a limpid liquor, which became 
milky when cold. — By warning in water, a quantity 
of white powder was feparated, infoluble in any acid, 
and containing very little of that of arfenic. isT 

31. Arfenical acid diftblvcs zinc with effcrvefcence. with zinc. 
The metal grows black, and the tranfparency of the 

acid is dcllroyed by a quantity of black powder. This 
powder edulcorated, dried, and put on an iron plate 
heated nearly red-hot, emits a blue flame and white 
arfenical fmoke in the dark, leaving behind a white 
powder; thus manifefting itfelf to be moftly regulus 
of arfenic. One part of filings of zinc diftilled with 
two of acid of arfenic, took fire in the retort with a 
very bright flame, and burft the vefTel with an explo- 
fion. Some regulus of arfenic and flowers of zinc were 
found in the neck. „ ., 

32. Bifmuth digefted with acid of arfenic is cover- with bif- 
ed with a white powder; water precipitates the folu- muth. 
tion, and the precipitate confifts of calcined bifmuth 

and acid of arfenic. On diftilling one part of the bif- 
muth with three of arfenical acid, the mafs melted, the 
metal was calcined, but remained undifTolved in the bot- 
tom of the vefTel; a little arfenic rofe into the neck ; 
and after the retort became cool, water was poured 
on the refiduum, which difTolved the acid, but the calx 
of bifmuth remained unchanged. Solution of this femi- 
metal in the acid of nitre was precipitated by arfenical 
acid. This precipitate, as well as the calx, are very 
difficult of fufion, but on adding a little powdered char- 
coal, the mixture inftantly melts, the arfenic goes off 
in vapours, and the bifmnth is reduced. -., 

33. With regulus of antimony a quantity of white Regulus of 
powder is produced by digeftion, and the clear folu- antimony* 
tion is likewife precipitated by dropping it into pure 

water. This powder is folnbie only by muriatic acid, 
and may be precipitated again by the addition of wa- 
ter. One part of regulus of antimony diftilled with 
three parts of arfenical acid, took fire as foon as the 
mafs melted, and regulus of arfenic with a red matter 
were fublimed; a little volatile fulphureous acid came 
over into the receiver. On boiling the refiduum in 
water, the acid was difTolved, a white fhining pow- 
der remained behind, which on being mixed with char- 
coal powder and diftilled, an ebullition took place, 
fome regulus of arfenic rofe into the neck of the retort, 
and the antimony was reduced. Butter of antimony 
was not precipitated by the pure acid, but very rea- 
dily by the arfenical fahs. Acetous and tartareoui 
folutions of glafs of antimony arc preciptated by arfeni- 
cal acid 

S 34. Cobalt 
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partially diffdved, and the folution 
patting the whole mafa iu- 
rt, dittilling off the liquid, and then aug- 
menting the tire, the mafa melted, and a little arfenic 
was fublimed. The refiduum when cold had a femi- 
tranfparcnt violet colour. On pouring water upon ir, 
and putting it on hot fand, the acid was ditfblved, 
the violet colour disappeared, and the folatioa af- 
! a dark-red colq ir. The bottom of the retort 
had a blue tinge, which could not be taken off. So- 
lutions of cobalt in mineral acids are readily precipi- 
tated by the arfenical neutral fahs. The precipitate is 
of a rofc-colour, but melts with difficulty into a dark 
blue fcoria. 

35. Nickel, with acid of arfenic, affumes a dark 
green colour, and lets fall a green powder containing 
arfenic in fubftance, which may be fcparated from it 
by a gentle heat. One part of nickel diftill«d with 
two of dry arfenical acid, melted with fome appear- 
ance of inflammation, yielding fome arfenic at the 
fame time. The mafs was yellow, with a number of 
grey elevated ftreaks upon it, which appeared like ve- 
getation, and were formed during the. diltillation. On 
boiling the yellow mafs in water, the acid was diflblved, 
leaving a yellow powder behind ; which, when treated 
with charcoal-powder, yielded regulus of arfenic, but 
was not reduced itfclf. The folutions of nickel in 
acids are not prtciptated by arfenical acid, not even 
that in vinegar, but the neutral arfenical fahs throw 
org down a whitilh green powder. 
With man- 36. Manganefc in its natural ftate is dillolved only 
in fmall part; but when phlogiflicated it diifolves rea- 
dily and totally ; though, whenever the acid arrives 
at the point of faturation, the folution coagulates into 
957 fmall cryftals. 
With rtgu- 37- Regulus of arfenic digeded with its own acid 
arfe- foou becomes covered with a white powder, which is 
«ic. tic in fubftance. On diftillingone part of the re- 

gulus with two oi the acid, the former fublimed and 
the latter melted. If fmall pieces of regulus of arfenic 
be gradually added to the acid of arfenic in fufion, an 
inflammation takes place, and arfenic is fublimed. 

On dittilling a mixture of equal parts of terra folia- 
ta tartari and arfenic, a limpid liquor like water firft 
■rfe- came over, fmclling ftrongly of garlic ; on changing 
I 1 the receiver, a liquor of a browniih red colour was col- 

UrurL kacJ » which nllcd thc rccciver wilh a thick clouJ > 
emitting an intolerable iV.iell of arfenic. On pouring 

this upon a filter, hardly a few drops had paired when 

a very thick ftinking fmoke fuddenly arofe as high as 

the cieling of the room ; an ebullition enfued towards 

the edge of the filtering-paper, and a fine rofe-colour- 

cd dame broke out, that lalted for fome moments. 
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How' to We owe this, as well as the fucceeding acids to 

rrduce mo- the induflry of the late Mr Scheele. The fubftance 
lyWxna ty ( rom which he extracted it is named by Cronftedt me- 

ta n'tttm As this fubftance is of 

I flaky na I incapable of pulverization by it- 

fclf, our author mixed fome pieces of vitriolatcd tar- 
tar alon ; wit . jlafs mortar; by the attrition 
of which it was at 1 aft reduced to a fine powder, and 
which was afterwards freed from the variolated tar- 

2 



tar by warning with hot water. He then treated this AiiJ of 
powder with all the known acids, but found none of nioljrMMt 
them to have any effect upon it cxa pting thofc of arfe- 
nic and nitre. No fcnlible effect was perceived from ." ' 'J" '*' . 
the acid of arfenic until tiic water was evaporated; 959 
after which, by increasing the fire, a little yellow orpi- ' " c 
ment was fublimed in thc neck of the retort, and fome ,1 ' t : auJ of 
fulpluireous acid palfed over into the receiver. On ^ C j" 1C u *" 
pouring two parts of concentrated nitrous acid upon one gg d 
part of powdered molybdaena, the mixture was fcarce violent ac- 
warm in the retorr, when it palled altogether into tionoi'cou- 
the recipient with great heat, and in the form of dark ccntrtted 
red vapours. Had the quantity been larger, he had nitrousacid 
no doubt that it would have taken tire ; for which rca- u r°" ' "' 
fon the experiment was repeated with diluted nitrous fu ,UKC * 
acid. Six ounces of diluted nitrous acid being poured 
on an ounce and a half of powdered roolybdsena, no 
effect was perceptible till the liquor began to boil ; after 
which a great number of red claftic vapours began to 
appear, and the mixture Swelled considerably. The 
distillation being continued to drynefs, the refiduum 
appeared of a grey colour; the fame quantity of ni- 
trous acid was poured on, and the procefs repeated, 
when the refiduum was whiter; and on flail repeating 
the operation a fourth and fifth time, the remaining 
powder became at laft as white as chalk. This re- 
fiduum, after being edulcorated with hot water, was 
quite taftelcfs and inlipid when dry. The limpid li- 
quor which ran from it being evaporated to half an 
ounce, firft aflumed a fine blue colour, and then 
grew thick. On being examined, it was found to 
contain fome iron, and was otherwife chiefly acid of 
vitriol. The colour difappeared on diluting the acid 
with water. 9 g r 

The white powder juft mentioned is the true acid Acid of 
of molybdaena, and may be obtained by thc help of molybdxfitj 
fire alone. A fmall piece of molybdsena expofed on a obtained by 
filver plate to the blow-pipe, makes a beautiful appear- ^ irt *low- 
ance, when the white vapours attach themfelves to the 
plate in the form of fmall Shining fcales, in the direc- 
tion of the flame. This white Sublimate becomes blue 
whenever it is in contact with the blue flame; but 
changes to white whenever the point of the flame is 
directed againft it. An ounce of powdered molyb- 
daena was mixed with four ounces of purified nitre, 
and detonated in a crucible heated thoroughly red hot. 
The mafs thus obtained was of a reddiih colour. On 
diflblving it in water, the folution was clear and co- 
lourlefs. A fmall quantity of red powder fell to the 
bottom of the vefTel ; which, when dry, weighed 11 
grains, and fhowed itfelf to be an iron ochre. By 
evaporation vitriolated tartar and nitre were obtained ; 
but a good deal of lixivium remained, which refufed to 
cryflallize, though no mark of Superfluous alkali re- 
mained. It was then mixed with fome water, to which 
diluted acid of vitriol was added, until no more pre- 
cipitate fell. The white powder which precipitated 
weighed three drachms ; bat if too much acid be 
added, the precipitate will be rediflblved, and the wa- 
ter itfelf retains a part of it in folution. A precipi- 
tate islikcuife obtained by means of nitrous or muri- 
atic acid. 9 g a 

The precipitate thus obtained, like ihofe which re- itscheml- 
f .; from the two former procciles, is the true acid of calpropti- 
molvbJxna. and has the following chemical properties. tits. 

1. Thc 
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Acid of 1. The folution reddens lacmus, coagulates a folution 
molybdas- Q f foap, and precipitates hepar fulpnnris. 2. If this 
na and its folution be boiled with the filings of any of the im- 
perfect metals, it affumes a bltiifh colour. 5. By the 
aJJition of a little alkali of tartar, the earth becomes 
folub'e in greater quant icy in water; and after evapo- 
ration lhoots into fmall confufed cryftals. 4. Under 
the blow-pipe this earth is foon abforbed by charcoal ; 
but when placed on a liiver plate it melts, and evapo- 
rates with the fame phenomena as molybdaena itfelf. 
5. By the addition of alkali, the earth is deprived of 
its property of being volatilized in the fire. 6. The fo- 
lution, whilft hot, lhows its acid power more evidently 
than when cold, and tinges lacmus of a deeper colour. 
It effervefces with chalk, with magnefia, and with 
earth of alum ; with all of which it forms falts very 
difficult of folution in water. 7. It precipitates, from 
the nitrous acid, filver, quickiitver, and lead, as alfo 
lead dilfolved in marine acid. Thefe precipitates are 
reduced on burning charcoal, and the melted metal 
runs into the pores. Corrofive fublimate is not pre- 
cipitated ; neither are the folutions of the other me- 
tals. 8. Terra ponderofa is alfo precipitated from the 
nitrous and marine acids ; and the precipitate is foluble 
in a large quantity of cold water. None of the folu- 
tions of the other earths are precipitated. 9. Fixed 
air is alfo expelled by this acid from the fixed and vo- 
latile alkalies, and forms with them neutral falts which 
precipitate all other metallic folutions. Gold, corro- 
five fublimate, zinc, and manganefe, are precipitated 
in form of a white powder ; iron and tin, from their 
folution in marine acid, of a brown colour ; cobalt of 
a rofe colour ; copper of a blue ; the folutions of alum 
and quicklime, white ; and if the ammoniacal fait form- 
ed by the earth of molybdsena and volatile alkali be 
diftilled, the earth parts with its alkali in a gentle heat, 
and remains in the retort in form of a grey powder. 
10. Concentrated vitriolic acid dilfolves a great quan- 
tity of this earth by means of heat. The folution ac- 
quires a fine blue colour ; which, however, difappears 
on being heated, or by diluting the acid with water. 
In a ftronger heat the acid flies off, leaving the earth 
unaltered behind. This folution becomes thick on 
cooling. 11. The nitrous acid has no effect upon the 
earth of molybdaena. 12. Boiled with the muriatic 
acid it dilfolves in conliderable quantity ; and, on di- 
ftilling the mixture to drynefs, a dark-blue refiduum 
remains. On increafing the heat, white flowers arife, 
with a little blue fublimate, and a fmoking muriatic 
acid is found in the receiver. The refiduum is of a 
grey colour. Thefe flowers are only the earth of mo- 
lybdasna volatilized by means of the muriatic acid, 
and therefore manifefts the fame properties. 13. If 
one part of this earth be diftilled with two parts of 
vitriolated tartar, a little vitriolic acid paffes over, at 
leaft when the heat is very ftrong ; and the remaining 
earth is more foluble in water than before. T4. With 
two parts of nitre it expels, by means of diftillation, 
a ftrong nitrous acid ; the refiduum dilfolved in water 
is a neutral fait which precipitates all metallic folutions, 
and is fimilar to that formed by a direct union of the 
acid and fixed alkali. 15. Diftilled with two parts of 
pure common fait, the acid is expelled in a fmoking 
Hate, and white, yellow, and violet-coloured flowers 
arife, which become moid in the air, and when fprinkled 
on metals giye them a blue colour. Thefe flowers, 



as has been already remarked, are only the acid »f Acid of 

molybdaena volatilized bythat of fea-falt. molybdae- 

The blue colour acquired by this earth on the con- na a " lt$ 
_ - n !/•■ • 1 n r r combina- 

tact of name, alfo in the moift way m fome cafes, tions> 

fhows that it is capable of contracting an union with «. ^ > 

the phlogifton. To reduce this to certainty, Mr 96;, 

cle diffulved fome of the earth of molybd^na in Is capable 
boiling water, with the aJJition of a little alkali. In- of uniting 
to this folution he poured fome drops of muriatic acid, ^ P 
and divided it into feveral pans, inro each of which ° l 
he put filings of feveral metals. The folutions foon 
acquired a bluifli colour, which grew deeper and deep- 
er ; and in an hour's time, during which the bottle 
was now and then fliaken, the liquor aflumed a fine 
dark blue. That this colour depends on phlogifton, 
h infers from the following circumfrances : 1. If, in- 
flead of the metals themfelves, you take their calces, 
no blue colour is produced. 2. If there be dropped 
into the blue folution a few drops of acid of nitre, and 
the folution be then put into a warm phce, the colour 
difappears. It is therefore no matter of furprife, that 
both liiver and quicklilver fhould be attacked, lince a 
double elective attraction takes place ; the muriatic 
acid uniting with the metallic calx, and the earth of 
molybdaena with the phlogilion of the metals. Gold, 
however, is not attacked in this way. 3. Too great 
a quantity of muriatic acid produces not a blue but a 
yellowifh colour, which at laft turns brown if the mix- 
ture be digefted ; but on adding this folution to a fo- 
lution of the earth of molybdaena, a blue colour as u- 
fual is produced. 4. Lixivium fangninis, in which 
the acid prevails, throws down the earth of a brown 
colour, and the infufion of galls of a dark brown. g 

The acid of molybdaena, treated with various fluxes, shows n* 
and with charcoal, (hows no figns of containing any fign of con- 
metallic matter. Moiftened with oil-olive, and com- taininganj 
mitted to diftillation in a ftrong fire, it did not fub- met ^ 1 
lime, but remained in the retort in the form of a black 
powder ; which, on being calcined in a crucible, fub- 
liraed in white flowers as ufual. On inverting another 
crucible into the former, and luting the juncture, the 
earth remained unchanged and of a black colour, with- 
out any fign of fufion. This black powder did not 
diffolve in boiling water, nor even with alkali, which 
on other occafions fo readily diflblves it ; but when 
mixed with a triple quantity of fait of tartar, a great 
effervefcence enfued ; the produce was a neutral fait 
refembling that formed by the direct union of the acid 



and alkali. 
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The earth of molybdasna, procured by nitre, re- Properties 
quires much lefs water for its folution ; it does not of the acid 
expel the acid from vitriolated tartar; is more eafily obtained by 
fufed, and does notfublime in an open crucible. When nitre * 
fufed with charcoal-powder, it affords a folution with 
water, containing a neutral fait, which precipitates all 
others. The reafon of thefe differences is, that it 
contains a portion of alkali, though it be ever fo fre- 
quently purified by folution and cryftallization. That 
this is the cafe we know from the following experi- 
ments : 1. If to a folution of the nitrous earth of mo- 
lybdaena we add fome nitrous acid, the latter attacks 
the alkali, and the greatcft part of the dilfolved earth 
is precipitated. This, however, does not happen, ex- 
cept by long boiling. 2. The neutral fait obtained 
by fulion proves the fame. This neutral fait is pro- 
duced in the following manner. The earth which con- 
S 2 tains 
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' :ily a fmall quantity of alkali operates as anacid, 

(from its dittoing the colour of lacmus to 
; but the alkali prevents as much earth from enter- 
| into it as is neccifary to its faturation with phlo- 
> v ' . (ton ; for the acid of molybdsena has a greater at- 
traction for alkali tlian for phlogifton. The charcoal 
ch remains after lixiviating the compound of acid 
of motybdaena and charcoal, yields vapours in an open 
crucible, and gives a fublimate containing the phlo- 
gifticated earth of mangancie. This alkali fixes the 
earth in the open air ; and hence we fee alfo the rea- 

i why this earth does not expel the acid from vari- 
olated tartar ; for its attraction for the alkali muft di- 
miniih in proportion as it conies nearer the point of 
faturation ; and as the pure earth contains no alkali, 
it attracts a little from the variolated tartar ; and con- 

, lently there can appear but a flight veftige of vi- 
triolic acid. This fmall quantity of acid likewife oc- 
cailons its more eafy folubility in water. 

The pure acid of molybdazna rccompofes that fub- 
ftance by being combined with fulphur. Mr Scheele 
having mixed fome very fine powder of this earth with 
three parts of fulphur, and committed the mixture to 
diflillation in a glafs retort, the receiver was filled with 
the fuperrluous fulphureous vapours, which had alfo 
the fetid fmell of volatile fpirit of fulphur. In the 
retort a black powder remained, which on every che- 
mical trial was found to be a true molybdxna ; fo that 
there is now no doubt of this fnbftance being compofed 
•f 2 particular kind of acid united to fulphur. 

$ 14. Of th: Acid of Lapis Poxderosus, Tvxcsten, 
or Wolfram, 

9^7 
This fub- Thts fubftance has been analyfed both by Mr Scheele 

hi\\<r con- and Mr Bergman, though the former has the merit of 
fidered u a difcovermg the acid contained in it ; which the latter 
confiders, as well as the earth of molybdxna, not as 
truly acid, but as metallic earths. Mr Scheele's ex- 
periments for analyfing this fnbftance were as follow : 
I. On one part of finely powdered tungften were pour- 
ed two parts of concentrated acid of vitriol. By di- 
fti '!.i:ion the acid parted over unchanged ; the refidu- 
11:11, which was of a bluilh colour, after being boiled 
for a ihort time, and the liquor filtered off, depofired 
fome vitrioltted lime or gypfum by ftanding. 2. 
Twelve fcrtiples of common nitrous acid, or pure 
aquafortis, being poured on two of finely powdered 
lungften, no effervefcence enfued ; but on expo- 
he mixture to a ftrong digefting heat, it af- 
fumed a citron yellow colour. The acid was then 
poured off into another phial, and the yellow powder 
■rued with water. 3. On this yellow powder 
t les of cauftic volatile alkali were poured, 

the phial expofed to heat ; on which the yel- 
low colour inftantly vanithed, and the powder be- 
came white. This folntion was in like manner 
put into a fepar^te phial, and the powder edulco- 
rated ; and as the matter was fenfibly diminilhed by 
thefc operations, they were alternately repeated, till 
at length tbe whole [Tolved, excepting three 
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which feemed to be filiceous earth. The fame 



ts enfued on treating this fnbftance with muriatic 

anly the fblotion was of a deeper yellow colour. 

c folutions made in the foregoing manner with 

nitrojj acid bcin^ all mixed together, fome drops of 
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phlogifticated ;.]\J.\ wei ' ■ ly which aooui 

three grains of Pruffian blue were precipitated. 5. 
mixture was then fa titrated with cauftic volatile 
alkali ; but as no precipitate appeared, a folution ol 

fixed alkali was added, which threw clown two » v > 

s and five grains of white earth of a mild 
calcareous kind. On adding fome nitrons acid to the 
extracts made by volatile alkali, a white powder was 
precipiri.ed, which, on edulcoraiion, proved to be the 
true acid of tungftcn. .^ 9 

On treating tungftcn with a ftrong heat in the dry Eflcd*of 
way, the following appearances took place: I. One heat upon 
part of tungften mixed with four of alkali of tartar 't- 
was melted in an iron crucible, and then poured out 
on an iron plate. Twelve times its weight of boiling 
water being then poured upon it, a white powder fub- 
fided to the bottom, which diftblved in a great mcafnre 
in nitrous acid. 2. The undirtblved part of the pow- 
der was tried ; and being again mixed with four parts 
of alkali, was melted as before: and the mafs being 
alfo diiTolved in water, and nitrous acid poured on 
the refiduum, only a very fmall portion of grey pow- 
der was left undirtblved. 3. The ley being faturated 
with nitrous acid, grew thick by the precipitation of a 
white powder; which was afterwards wartied with cold 
water and dried, and then proved to be the fame acid 
of tungften with that already defcribed. The folu- 
tion in nitrous acid precipitated with fixed alkali gave 
a white precipitate, which was found to be calcareous 
earth. 

The properties of the acid of tungften are, 1. Un- its chemi- 
der the blow-pipe it became firft of a reddifh yellow cal proper- 
colour, then brown, and at laft black. It neither ties, 
fmoked nor gave any figns of fufion. 2. With borax 
it produced a blue, and with microcofmic fait, a fea- 
green glafs. 3. Boiled with a fmall portion of the 
nitrous or marine acids, the powder becomes yellow, 
and with the acid of vitriol bluifh. 4. On faturating 
a folution of the acid with fixed alkali, a neutral fait in 
very fmall cryftals is obtained. 5. With volatile alkali 
this acid fonrs an ammoniacal fait, fliaped like the 
points of fmall pins. On diflillation the alkali fepa- 
rates in a cauftic ftate, the acid remaining behind in 
the retort in form of a dry yellow powder. O.n mix- 
ture with a folution of lime in fpirit of nitre, a double 
elective attraction takes place, the acid of tungften 
uniting kfelf with the lime, and that of nitre with the 
volatile alkali. 6. With magnefia the acid of tung- 
ften forms a fait very difficult of folution. 7. It pro- 
duces no change on folutions of alum or lime, but dc- 
compofes a folution of terra ponderofa in acetous acid, 
and the compound is totally infoluble in water. 8. It 
precipitates of a white colour folutions of iron, zinc, 
and copper, in the vitriolic acid ; filver, quicklilver, 
and lead, in that of nitre ; and lead in the acid of fea- 
falt. Tin combined with the fame acid is thrown 
down of a blue colour ; but ccrrofive fublimate and 
folutions of gold undergo no change. 9. On cal- 
cining the acid of tungften in a crucible, it lofes its 
folubility in water. 10. It turns black by calcination 
with inflammable matters and with fulphur, but in 
other refpects continues unaltered. n. Solution of 
hepar fulphuris is precipitated of a green colour by this 
acid, and the phlogifticated alkali white ; the latter 
precipitate being folub'e in water. On the addition 
of a few drops of muriatic acid to a iolution of the 
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Acid of acM of titngflen in water, and fpreading the liquor on 
lapis pon- polifhed iron, zinc, or even tin, it acquires a beauti- 
derofus and f u j blue colour; and the fame thing happens when 
nations '" r ' ie ^ e meta ' s 3IC put into the acid. 12. It differs from 

» ^1 — > the acid of molybdsena in not being volatile in the fire ; 

97i in having little attraction for phlogifton or fulphnr; in 
Differences turn j n p- ij me yellow, and forming an infoluhle com- 
feetwm the j • l • 1, m. j .u t. u 

acid of pound with it as well as with ponderous earth. It has 

tungften a ^° a ftronger attraction for lime than the acid of mo- 
and molyb- lybdaena ; for if a combination of lime and acid of mo- 
da;na. lybJsena be digefted in a folution of the ammoniacal 
fait formed by uniting the acid of tungften with vola- 
tile alkali, the latter expels the former, and produces 
regenerated tungften. 13. By uniting the acid of 
tungften to a calcareous earth, a regenerated tungften 
«y a is conftantly procured. 
Bergman's Mr Bergman obferves, that the acid earth of rung- 
opinion ften is nearly allied to that of molybdaena ; and both are 
concerning j n a ft ate m uch refembling that of white arfenic. " It 
' *n ld * is well known (fays he) that arfenic, in its femimetal- 
and S molyh- ^ c ^ ate > ' s nothing but a peculiar acid faturated with 
dajna. ' phlogifton; and that the white calx is an intermediate 
ftate between acid and metal, containing juft phlogifton 
enough to coagulate the acid, but remaining ftill folu- 
ble in water, and mowing fignsof acidity. If a con- 
clufion from analogy be admiflible, all the other metals 
Ihould confift in a combination of the fame nature of 
the different radical acids, which with a certain quan- 
tity of phlogifton are coagulated to a dry earthy fub- 
flance ; and on full faturation are reduced to the ftate 
973 of complete metals." 
Why he The reafons which induced Mr Bergman to fuppofe 

fuppofed t ] iat (be ac id s j n queftion are metallic earths, are as 
the acids to f u ow . I# They both (how a ftriking refemblance to 
earths ' white arfenic in form, in producing effects like acids, 
and in their difficult folnbility in water. 2. Their fpe- 
cific gravity ; that of arfenic being 3750, the earth of 
molybdasna 3460, and the acid of tungften 3000. 

3. Their precipitation with phlogifticated alkali; a 
property hitherto deemed peculiar to metallic calces. 
Arfenic alfo, properly difiblved in muriatic acid, gives, 
with the phlogifticated alkali, a precipitate foluble in 
water, in the fame manner as the acid of tungften. 

4. From their property of tinging vitreous matters; 
which, as well as that of precipitating with the phlo- 
gifticated alkali, is reckoned to be a peculiar pro- 
perty of metals. The acid of tungften produces by it- 
felf feme efFervefcence with mineral alkali. With mi- 
crocofmic fait it produces a globule at firftof a light blue ; 
more of the acid makes it a dark blue; but ftill it re- 
mains free from rednefs by refraction. A further ad- 
dition makes it brown. Borax requires a flight tinge 
of blue, and with more of the acid becomes of a yel- 
lowiih brown colour; but remains tranfparent, provided 
no further addition be made. This ultimate brown 
colour cannot be driven off either by nitre or the point 
of the flame urged by a blow-pipe. Acid of molyb- 
das-na is no lefs powerful ; for with microcofmic fait it 
produces a beautiful green colour: borax well fatura- 
ted with it appears grey when viewed by the reflected 
rays, but of a dark violet by the refracted. 

\ 15. Of the Acid of Milk. 

Ir is univcrfally known, that in the fummer-time 



milk grows four and thick in a few days, and* that this Acid of 

fournefs continues for fome time to incrcafe. It is nillk an< j 

ftrongeft after a fortnight has elapfed ; after which, lts combl ' 

if the whey be filtered and evaporated to one-half the - , 10 ^ ' . 

quantity, a few curds will ftill fettle to the bottom. 974 

By faturating the whey with volatile alkali, a fmall Mi!k moft 

quantity of animal earth precipitates; and the fame ^ ro ^J 

thing takes place on the addition of lime-water. On « C1 t ter 
1 ° 1 1. • c r 11 • c ■ 1 c 1 iiandinga 

the addition of a fmall quantity of acid of tartar, the fortnight. 

latter foon becomes partially faturated with vegetable 5,75 
alkali, and is converted into tartar. Thus the acid of Component 
milk befide-s its proper acid part, contains animal principles 
earth and vegetable alkali in a loofe ftate, and which of four 
is attracted by the acid of tartar; befides all thefe it w e ^' 
has alfo a fmall quantity of the fame alkali faturated 
with muriatic acid. It is no eafy matter to feparate 
thefe fubftances from one another; becaufe the acid 
is not fufficiently volatile to rife in diftillation by a gen- 
tle heat, nor are its principles fufficiently fixed to bear 
the action of a ltrong fire. With the one therefore it 
remains almoft entirely in the retort, and with the 
other it is deftroyed. Mr Scheele therefore ufed the 
following procefs. 0*6 

He evaporated four whey till only one-eighth part Scheele's 
remained; when the cheefy part being totally fep a- method of 
rated, he ftrained the acid ; and in order to obtain the procuring' 
animal earth, faturated the liquor with lime, diluting th ?P u 5 e 
the folution with a triple quantity of water. In or- *^k 
der to feparate the lime, he employed the acid of fu- 
gar, which has a ftronger attraction than any other for 
lime. This earth therefore being fep.Tated, the mat- 
ter was evaporated to the confiftence of honey, and 
highly rectified fpirit of wine poured upon it to diflblve 
the acid part; which being accomplifhed, the other 
faline fubftances were left by themfelves : and, laftly, 
the acid folution being diluted with pure water, and 
the fpirit feparated by diftillation, the pure acid re- 
mained in the retort. 

The properties of the acid of milk are, 1. Evapo- Properties- 
rated to the confiftence of a fyrup, it yields nocryftals; of this acid, 
and when evaporated to drynefs, it deliquefces. 2. By 
diftillation it yields firft water, then a weak acid like 
fpirit of tartar; afterwards fome empyreumaiic oil, 
with more of the fame acid, fixed air, and inflammable 
air; in the retort was left a fixed coal. 3. By fatu- 
ration with fixed vegetable alkali it yields a ddiquef- 
cent fait, foluble in fpirit of wine. 4. A fait of a fi- 
milar kind is obtained by combining it with mineral 
alkali. 5. With volatile alkali a deliquefcent fait is 
produced, which by diUiliation yields a great deal of 
its alkali before the acid is deftroyed by heat. 6. It 
forms deliquefcent fairs with terra ponderofa, lime, and 
clay; but with magnefia ii forms fmall cryftals, which,, 
however, are again deliquefcent. 7. It has no effect 
either by digeftion or boiling on bifmuth, cobalt, re- 
gulus of antimony, tin, quickfilver, or gold. How- 
ever, after digeftion with tin, it precipitated gr>ld from 
its folution in aqua-regia, in the form of a black pow- 
der. 8. It diflblves iron and zinc, producing inflam- 
mable air during the folution. The liquor produced 
by the diflblution of iron was brown, and yielded no 
cryftals ; but the folution of zinc cryftallizes. 9. Cop- 
per difiblved in this acid communicates to the liquor 
firft a blue, then a green, and then a dark blue colour, 
without cryftallizing. 10. Lead was difiblved after 
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" Y ichcele) it ap- 

. th it the acid i tnd ; and 

etatcd vegeta- 
ble Ukali, yet it feems d peak., to 
be vinegar ; but e want ol I inces as, 
r fermentation, prod natter, it 
feenis not to be . in of it in- 
rrives at this point, and really becoi :c;> vin< 
ithout a previous fpiritons ferrn or with- 
out brandy, there never arifes any vi Bui that 
the milk enters into a complete in inough 
there be no fign of brandy pr from the 
riment : If a bo A fr< lh milk be 
inverted into a vcflcl containing fo much of the fame 
liquor that the mouth of the bottle r n below the 
furface of the latter, and if you expofi this bottle to 
a degree of heat a little greater th -n our fummer, you 
will rind, in the fpace of 24 hours, that the milk is not 
only coagulated, but in pan expelled oui of the bottle ; 
and that in a couple of days afterwards, the aerial acid 
extricated from the milk will have exptlled the greater 
part of it. It was ftid above, that the acid of milk 
cannot be converted into vinegar, from the want of fuch 
fubftances as during fermentation produce brandy ; 
which appears to be evident from this : If to a kanne 
of milk you add five fpoon fuls of good brandy, and ex- 
pofe the Veffcl, well corked, in fuch a manner, howe- 
ver, that you now and then give vent to the air deve- 
loped during fermentation, you will find in a month, 
fooner or latter, that the whey will be changed into 
vinegar, which, (trailed through a cloth, may 
be kept in bottles." 

Tiie acid of fugar of milk is conflderably different 
from that juft now defcribed. To procure it, Mr 
Scheele poured 12 ounces of diluted nitrous acid on 
ounces of finely powdered fugar of milk con- 
tained in a glafs retort, to which a receiver was 
adapted. The retort was placed in a fand-bath, and 
as foon as the mixture acquired a certain degree of 
heat, it began to effervefee violently ; for which rca- 
fon, the retort and receiver were taken away from 
the fire. The mixture, however, continued to grow 
hotter and hotter, with a great emi'uion of dark red 
vapours continually increafing, for half an hour. A 
considerable quantity of nitrous air and aerial acid 
were extricated during that time. Care muft be ta- 
ken, therefore, to have the retort and receiver both of 
a furficient fize, and not to make the luting too tight. 
1 the effcrvefcence had fubfided, the retort was 
placed in the fand-bath, and the nitrous acid thus 
led off till the mafs acquired a yellowifh colour ; 
on which the retort was immediately taken away from 
the tire. In two days time the folution feemed to 
undergone no remarkable change, nor was there 
any appearance of cryflals. Eight ounces more of 
the fame nitrous acid were therefore aided, and the 
whole ex|fcfed to the fame degree of heat as before. 
« a the mafs grew warm, another effcrvefcence, 
h weaker than the former, enfued ; the yellow 
appeared, and the nitrous acid was again ab- 
ted, till the folution, which had been rendered 



opaque by the ^cc of I white powder in it 

afluraed a yellowith colour, on which die retort was i- n,,lt 
'..moved from the find. After it was grown 

It i t 

c ol, the mafs in the retort wa^ found to be infpiflated , — » 

unces ol wati r, and filtered. 
Seven and a half drachms of white powder remained 
0.1 the filter; the folution which palled through the 
liter was very arid. It was evaporated to the con- 
fidence of a fyrup, four ounces more nitrous atul 
poured upon it, and the evaporation repeated in a fand- 
heat. After the whole was cool, fome final! long .1- 
cid cryftals were found, together with a fmall quanti- 
ty of white powder which was feparated from it, and 
fome more sitrousacid poured on the remaining mafs, 
and on evaporation, more fuch cryftals made their ap- 
pearance. The fame procefs was repeated feveval 
times ; by which means the whole mafs was at hit 
changed into fuch cryftals, and weighed about five 
drachms, fhowing in every refpect the fame phenome- 
na produced by acid of fugar. The white powder, 
weighing (even and a half drachms, was the true acid 
of fugar of milk ; and its properties are, 8r 

t. It burns in a red hot-crucible like oil, without Propertiea 
leaving behind it any mark or allies. 2. It diffolves of tn ' 8 auJ- 
in boiling water in the proportion of one of fait to 
60 of the liquid. 3. One fourth part of the diffol- 
ved powder feparates from the liquid on cooling, in 
form of very fmall cryflals. 4. Half an ounce of the 
fait was diflolved in a glafs vcifcl in 30 ounces of boil- 
ing water, and the folution filtered when cold. It had 
a loiii'ilh ultc, reddened the tincture of lacmns, and 
tffervefced with chalk. 5. Two drachms of the fait 
expofed to an open fire in a glafs retort, melted, grew 
black, and frothed very much ; a brown fait was found 
fublimed into the neck of the retort, which finellcd 
like a mixture of fait of benzoin and fait of amber, 
eleven grains of coal remaining in the retort. The 
receiver contained a brown liquid without any mark 
of oil, fmelling like the fublimed fait. It contained 
alfo fome of the fait diflblved, which was feparated 
from it by a gentle evaporation. The fublimed fait 
weighed 35 grains, had a four tafte, and was eafily 
foluble in fpirit of wine, but with more difficulty in 
water, and burned in the fire with a flame. 6. Con- 
centrated vitriolic acid, dillilled with this fait, became 
very black, frothed much, and decompofed the fait 
entirely. 7. Acid of fugar of milk, gradually added 
to a hot folution of alkali, occafioned an effiervefcence 
and coagulation in confequence of the formation of a 
valt number of cryftals, which require eight times their 
weight of water to diffolve them, and fcparate again 
in a great meafure from the liquid on cooling. The 
fame phenomena took place with the mineral alkali, 
only the fait was foniewhat more foluble, requiring 
only five times its weight of water for folution. If 
to a folution of it a folution of alkali of tartar be 
added, a number of fmall cryflals will foon be formed 
at the bottom of the veffel, on account of the greater 
attraction of this acid with the vegetable alkali. 
8. With volatile alkali it firms a kind of fal ammoni- 
ac, which, after being gently dried, has a founfli tafte. 
By diltillation, the volatile alkali is fir ft feparated, the 
lime-water precipitates, and the refiduum yields the 
fame products by diftillation as the pure acid. 9. "With 
all the earths, acid of fugar of milk forms infolublc 
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falts. If a fokuion of ponderous earth in muriatic or 
nitrous acid be dropped into a folution of acid of fu- 
gar of milk, the former is inftantly decompofed, and 
the earth falls to the bottom in combination with the 
acid of faccharum laetis. The fame phenomena take 
place with folutions of lime in the nitrous and marine 
acids; but folution of gypfum is not decompofed. 
The fame alfo takes place with folutions of magne- 
fia in vegetable or mineral acids, and with earth of a- 
lum ; all of which are decompofed by the neutral falts 
abovementioned. 10. The folution of this acid, by 
reafon of the fmall quantity diflblvable in water, has 
no fenfible effects on metals in their perfect ftate ; but 
when they are reduced to calces, it then acts upon 
them, and forms falts, very little or not at all foluble 
in water. Silver, mercury, and lead are precipitated 
in form of a white powder ; blue, green, and white 
vitriol, as well as manganefe combined with acid of 
vitriol, are not precipitated ; but all metallic folutions 
are precipitated by the neutral falts. 

§ 16. Of the Lithisiac Acid, or Acid of the human 
Calculus. 



Calculi all The calculi examined by Mr Scheele, with a view 
of the fame to difcover their conftituent parts, were, as he informs 
nature. USj a ll f tne fame nature, whether flat and polifned, 
or rough and angular. A fmall quantity of calculus 
in powder was put into a retort, and fome diluted vi- 
triolic acid, poured upon it. The powder was not 
affected by a digefting heat; however, it was diffoLyed 
when the humidity was abllracted by diflillation. Af- 
ter the diffipation of the acid, a black coal was left in 
the retort, and the vitriolic acid which bad paired in- 
to the receiver was become fulphureous. The marine 
acid, whether diluted or concentrated, had no effect 
upon the calculus, not even when boiled with it. The 
nitrous acid diluted, or aquafortis, had fome effect on 
the calculus, even when cold. On the applit.iiion of 
heat, an effervefcence enfued with red vapours, and the 
calculus was dilfolved. Repeating the experiment in 
a retort with lime-water, the latter was precipitated. 
The folution of calculus is acid, though the men- 
ftruum be boiled with a fuperabundant quantity of 
983 powder, fo that there may remain a portion of it un- 
Properties diilblvcd. It produces deep red fpots on the fkin in 
of the acid na jf an nour after it is applied ; and if the faturated 
of calculus. f j ut j on be a little more evaporated, it alfumes of it- 
felf a blood-red colour, which however, disappears on 
dropping in a fingle drop of nitrous acid. Terra pon- 
derofa is not precipitated by it from the muriatic acid ; 
nor are metallic folutions feniibly changed. "With al- 
kalies it becomes fomewhat more yellow when the al- 
kali is fuperabundant. The mixture, in a ftrong di- 
gefting heat affumes a rofc colour, and ftains tbe fkin 
in the fame manner, without any fenfation of burning. 
The mixture likewife precipitates metals of different 
colours ; vitriol of iron, black ; of copper, green ; fo- 
lution of fdver, grey; corrofive fublimate, zinc, and 
lead, of a white colour. Lime water precipitates a 
white powder foluble in muriatic and nitrous acids 
without e-ffervefcence ; and though there bean excefs 
of precipitued powder, the folution will be acid. 
This white powder, therefore, is the acid of the cal- 
culus kfelf, the exiitenxe of which is alfo confirmed 



by Mr Bergman's experiments. The further analy fis Flowers of 

of this is related under the article Calculus, below, benzoin, 

&c. 

§ 17. Of the Flowers of Bekzois, Acid of Lemons, 
with other anamolous vegetable acids, and the refeve~ 
blance which the vegetable acids in general bear to one 
another. 

984 

It has longbeen known, that the refinous fubflance, Flowers of 
improperly called gum benzoin, yields by fublimation benzoinob- 
with a gentle heat a quantity of fine faline matter ol * a '"? d °X 
a molt, agreeable odour, and llightly acid taffc, called ^ ima " 
flowers of benzoin. Another method of obtaining ' g. 
this fubflance is by lixiviating the gum with water, By lixivia- 
and cryltallizing the fait. Mr Scheele, determined to tion. 
try what quantity of the flowers could be obtained 986. 
from the relin, found that, by fublimation, he was able Qju antlti e s 
to obtain from one pound of benzoin between nine . , . 
and twelve drachms of flowers. By bxivation the met hods. 
quantity obtained was confiderably lefs than the for- 
mer, owing to the faline particles being fo much cover- 
ed by the re fin, that the water could not have fuffi- 987 
cient accefs to dilfblve them all. It was next attempt- Attempt* 
ed to procure all the flowers which the benzoin was tc * P rocur e 
capable of yielding. This was firft done by boiling ^ l r e , 
pounded chalk and benzoin in water, and then filter- rt g„ j s ca- 
ing the decoction ; but no cryftals appeared. On pour- p aD lc f 
ing fome drops of vitriolic acid into the liquor, the fait yielding, 
of benzoin foon afterwards precipitated (for this fait, 988 
which is an acid, was united to the chalk); but the L '° llin g 

quantity of fait was no greater than that obtained by ^i!^. 
i- • • • An t 1 -j j 1 r imunicient: 

lixiviatton. Alkaline ley was next tried, and the fo- g 

lution faturated with an acid. Thus the fait of ben- ^nd with 
zoin was obtained by precipitation; but here this in- alkaline 
convenience was met with, that the powder of benzoin ley. 
ran together during the boiling, and floated on the Qgo 
furfacelike a tenacious refin. One only method, there- Boiling 
fore, remained to be tried, and that was to boil the with lims 
benzoin with quick-lime; and asthe particles of lime, tbe bell 
by interfperiing themfelves betwixt thole of the ben- lact h'->d. 
zoin would prevent their running together, and lime 
has likewile the property of acting upon the refinous 
particles, this ieems to be the belt method of pro- 
curing the flowers of benzoin in the greater! quantity, 
and alfo of the befl quality ; and thus we may obtain 
from 12 to 14 drachms of flowers from a pound of o0 i 
benzoin. Mr Scheele's receipt for preparing them after Mr 
this new method, is as follows: " Pour 12 ounces of Scheele's 
water upon four of unflaked lime, and after the tbul- receipt for 
lition is over, add eight pounds (of 12 ounces each) Preparing 
of water; put then a ponnd of finely powdered refin * r e f °^ v " 
of benzoin into a tinned pan, pour upon it firft about zo ; n r 
fix ounces of the lime-water abovementioned; mix t hism«- 
them well together, and thus add all the reft of the thod. 
lime-water in fuccclfton. The reafon of adding the 
lime water thus by portions, is, that if it be poured in 
all at once, it will not mix with the benzoin, which 
will likewife coagulate and run together into a mafs. 
This mixture muft be boiled over a gentle fire for half 
an hour, agitating it conftantly ; then taking it from 
the fire, let it ftand quiet for fome time to fettle, after 
which the clear liquor is to be poured off' into a glafs 
veflel. Pour then eight pounds of water more upon 
the lime in the veffel, and ufe this lime-water as before, 
repeating this procefs twice more, making four times 

m 
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' ' laftlj, putting ill the rcliduum 

. pour hot water upon them, D 
[be calcareous earth of the lmie-watei 
bines with the acid of benzoin, and feparates it from 
tin tides of thu fubftance; but a fa 

. is diffolvcd by the Lime-water, an J 
gives it a yellow colour. 

Ml thefc liquors being mixed together and boiled 
I to two I i d into ano- 

int r glafs vet!. arc infpifiated Co far, b 

the I r would h t quantity of the 

fait in folution ; and a little of the rclin being fulublc 
in a large quantity of lime-water, but not in a fmall, 
to the bottom on the liquor being infpifiated. 
\\ i< ii the liqour has become cold, after being drained 
tlit laft time, add muriatic acid till the flowers be to- 
tally precipitated, which happens by reafon of the 
ftrongcr attraction of the marine acid for the calcare- 
ous earth. The precipitated coagulum is then to be 
put upon a filter; and, after being well dried, to be 
edulcorated fufficiently, by repeatedly pouring cold 
water upon it, when it mull be dried with a gentle 
As the water made ufe of for this purpofe, how- 
evtr, is capable of diffolving a little of the fall of ben- 
zoin, it ought to bt evaporated, and afterwards let to 
cryfUllizei In order ;o give this fait a (hining appear- 
ance, let it be diflolved in a fufficicnt quantity, fix, 
ounces, for inflance, of water by gentle boiling ; then 
ftrain it imrne liately, while yet warm, through a cloth, 
into a glafs veflel which has been heated before ; and 
thus a Dumber of line cryllals will (hoot as foon as the 
folution is grown cold. The water is then to be 
drained from the cryftals, and the rcll of the fait fuf- 
pended in the water may be obtained by repeated eva- 
poration and cryftallization. In this method, however, 
a great quantity of the flowers are loll by reafon of 
their volatility ; it will therefore be more convenient 
to keep them in the form of their original precipitate, 
Which is always in fine powder. Cloth anfwers belt 
for the filtration of the hot folution: when blotting 
paper is ufed, the fait fometiraes cryftallizes in the fil- 
ter, and obftru&S it. The Alteration itfelf might be 
omitted, were it not that about two grains of refin of 
benzoin remain united to the liquor, from whence it 
; be feparatcd but by the operation j nil mention- 

rlavour of ed." The properties of this fait as an acid are but 

the flo-.vcrs Utile known. It has a mod agreeable flavour; which, 
may be tit- however, ceafes as foon as it unites with calcareous 
earth, but is recovered again on being feparatcd by 
,, ca . any other acid. 
fare. W ich regard to the other vegetable acids, they may 

yo.? be divided into the elfeniial, the fermented, and em- 
Anomalous pyreum3tic. The eiTential acids are pure, as exem- 
vegetahk pljfod in thofc of lemons, forrel, and forrel-dock; or 
acids how ^, Jt jj tt ] c a i t ereJ by the admixture of other matters, 
divided. as th ^ c of c i lcrr i CS) barberries, tamarinds, &c. In 
Oftheef- fweet fruits they are generally fo much covered when 
ripe as fcarce to be diftinguilhed : however, thefe la- 
tent acids become more evident, partly in fermentation, 
and partly by dry difliilation. By the former method, 
all flowers, excepting a few which bear cruciform flow- 
er. , are made to yield vinegar ; and by dry difliilation 
:■. very few yield a volatile alkali. 
The acid which pailcs over in dry difliilation is 
f**rcc pcrcep-.ibic while the fubjed retains its natural 



acids. 



form ; but when onc( ' wwtof 

the other; whence it was naturally fup 

that all \ . ^ | 

79 6 
on this ubjeel , fome \ that the acid i I Whether 

rtar is the bafts, rs thai vin " t! °* 

lis of them all. In pi his latter hyj lugarorof 

, . i,i . i e i i taitans the 

has l.tcn urged, that th< acid o! Icon 

fUllized; of which we have the foHcwi : i c t . t - 

Scheele's Effays. " The juice will not (hoot 
cryllals by mere evaporation, even when I 997 

to the confidence of a fyrup. This our author fuppo. Dr Crell'i 
fed to proceed from the great quantity of mi ""f'm ° f 

matter with which the juice abounds] for which rea» *£? the'a- 
fon he mixed the infpiilated juice with flrong fpirit of ci ' d * f lc . 
wine which coagulated the whole: but even thus he mons . 
could obtain no cryllals by evaporation, lie there- 
fore employed the method ufed for procuring the pure 
acid of tartar, and which is formerly defcribed. The 
lemon juice, while boiling, was faturaicd wiihpulvc- 
rifed chalk, and the compound immediately fell to the 
bottom in a form nearly refembli fed iime. 

To ftparate the acid, a quantity of oil of vitriol, equal 
in weight to the chalk employed, but diluted with ttn 
times it weight of water was mceflary. This mixture 
mil ft be boiled in a glafs velTel for a few minutes ; and 
when grown cold, tiie acid is to be feparatcd from the 
gypfum by filtration. In order to cryitallizc it, we muft 
evaporate the whole to the confidence of a thin fyrup; 
but great care is to be taken, left any of the calcareous 
earth remain in the evaporated liquour : to determine 
which, a little of it is to tried with fit (li oil of vi- 
triol, which will throw drown the remainder: and in 
this cafe fome more muft be added to the whole quan- ^% 
tity ; for the leaft panicle of lime remaining prevents The cryf- 
the cry ftallization, while the itipcrliuons quantity of tallization 
oil of vitriol, if too much happens to be added, re- prevented 
mains in the liquor. The cryftals fhoot equally well 7 , [l c . 
in a hot as in a cold temperature, which is \cry un- p"^^ f 
ufual." lime . 

It is very remarkable that this cryftallized fait of 999 
lemons cannot be converted into acid of fugar by Salt of le- 
mcans of that of nitre, though the cxtracl of the juice mons caBr 
itfelf may. Sour cherries afford acid of fugar, and not *? on " 
another fait fuppofed to be tartar; and a kind of fu- ac i d C { r u . 
gar may be obtained not only from roots of various gart 
kinds, but from fine raifins, and, as Dr Crell thinks, 
from exprcircd muft ; but whether the faccharine acid 
can be procured from this kind of fugar in equal quan- 
tity as from the common, or even whether it yields 
the fame products with common fugar by dry difliila- 
tion, is ftill a matter of doubt. ICCO 

Pure acid of tartar yields on difliilation per ft an Produdof 
empyreumatic acid, and a coal coniifting of oily par- acid of tar- 
ticles and calcareous earth. Dr Crell therefore a fks, tar by dry- 
May not the acetous acid be mere acid of tartar, which difhllatioa. 
did not meet with alkaline fait and earth enough with 
which it might combine and become more fixed ; bur, 
on the contrary, attracted more fubtile oily particles, icoi 
and thus become more volatile? In diftilling terra fo- Acetous 
liata tartari in the dry way, the acid of vinegar wjiich acidalmoft 
enters its cornpofitioti is almoft entirely deftroyed, j n « Ix . 1, ' 1 
only _^ T th of pure acid being obtained, the rcfiduum , c fi 0}C 
in the retort, as well as the reft of that which comes 
over into the receiver, being entirely alkakint ; and the 

fa«ne 
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Identityof fame thing happens to the acid of tartar, the era py- 
the vegeta- reumatic acid abovementioned being extremely weak. 
lds > Mr Beaume like wife informs us, that if any calcareous 
earth, egg-fhells, for inftance, be diilolved in vinegar, 
and the cryftallized fait be diftilled, we obtain || of a 
red and very fiery inflammable fluid, fmelling like era- 
pyreumatic acetous ether, which reddens tincture of 
turnfole. Mull, diftilled before fermentation, yields 
only an empyreumatic acid refembling fpirit of tartar. 
The conjecture therefore feems reafonable, that vine- 
gar and tartar have for their bafis the fame fpecies of 
acid, which in the cafe of vinegar is combined with a* 
greater proportion of oil, and in tartar with more 
earth. To bring vinegar therefore nearer the ftate of 
tartar, we muft deprive it of its fine volatilizing phlo- 
mg vinegar gift ou> combine it with more fixed matter, and re- 
n^ cr f e ftore its grolTer oil. All this, however, is extremely 
tar. difficult to be effected. Mr Weflrumb, whoattempt- 

1003 ed it, added nitrons acid in various proportions, but 
Mr Wef- could only produce a phlogillication of the latter, and 
trumb's dephlogiftication of the vinegar; but as he could not 
unfuccefsful ^ink of any method of feparating the two acids from 
'"VicT* one anotner > ne was unable to inveftigate the pro- 
Dr Crell's P ert ' es of vinegar thus dephlogifticated. Dr Crell 
opinion of is of opinion, that this might have been done by ve- 
the poflibi- getable alkali, lime, and terra ponderofa. The ni- 
htyoftranf- trous acid, with vegetable alkali, would have fhot in- 
mutation. t0 the ordinary hexangular cryftals of nitre: the ace- 
tous acid would have formed a compound not eafily 
cryftallized, provided it had remained unchanged ; and, 
though it had approached the nature of faccharine 
acid, would ftill have formed a compound difficultly 
cryftallizable. The effects of thefe acids, indeed, on 
lime, are directly oppofite to what they are on terra 
ponderofa. With the former, nitrous acid forms a 
liquor which can fcarce be cryftallized ; with the lat- 
ter it produces falts difficult to be diifolved : while 
the acetous acid, with terra ponderofa, forms deliquef- 
ccnt falts; with lime, fuch as efflorefce in the air. But 
if the vinegar, by means of the operation already men- 
tioned, had been made to approach towards the na- 
ture of acid of fugar, tranfparent cryftals would im- 
mediately have fallen by reafon of the ftreng attrac- 
tion of this acid for lime. Dr Crell therefore recom- 
mends the following method. Let nitrous acid be fe- 
veral times diftilled ofF from vinegar; and when the 
«d by him former, upon being newly atlded, produces no more 
red vapours, faturate the liquor with lime or terra 
ponderofa, feparating the ley, which will not fhoot, 
from the cryftals. The nature of the fait which 
does not contain nitrous acid, may be determined 
from the figure of its cryftals, or from the effects of 
other falts in coufeqnence of a double elective at- 
traction. We might likewife add frefh nitrous acid 
to the feparated fait, or to the whole mixture, with- 
out any feparation of the nitrous fait, till the earthy 
fait, which does not contain any nitrous acid, be fatu- 
rated. The vinegar, if unaltered by the operation, 
would rife on di (tilling the liquor ; and if converted 
into faccharine acid, would not be diflodged from lime 
by fpirit of nitre. In like manner, diftilled vinegar 
fliould be faturated with chalk, the compound redu- 
ced to cryftals, and then expofed to as ftrong a fire as 
it can bear without expelling the acid, in order to dif- 
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fipate fome phlogiftic particles. Let it then be dif- Identity cf 
folved, filtered, and cryftallized again; after which it the v ^geta- 
niay be treated with nitrous acid as above directed, bleaaas, 
'*'* Perhaps (fays Dr Crell), the acetous acid may by . 
this combination acquire more fixity ; fo that the ni- 
trous acid lhall be able to produce a greater change. 
Should it pafs over again in the form of acetous acid 
unchanged, let it be combined once more with calca- 
reous earth ; and let the foregoing experiment be re- 
peated, in order to try whether fome fenfible change, 
will not enfue. Should this method fail, try the op- 
pofite ; that is, endeavour to add more grols phlogi- 
ftic matter to the vinegar. Try to combine ftrong vi- 
negar, and that which has been diftilled, with unctu- 
ous oils. Thus we might perhaps bring it nearer to 
tartar ; and again, by means of nitrous acid, convert it 
into acid of fugar. i CC> 5 

In another differtation on this fubject. Dr Crell His at- 
undertakes to fhow, that all the vegetable acids may tempts to 
be converted into one, and that this is contained in P rove that 

the pureft fpirit of wine. The following are adduced ^5 ve " 
r ° getable a- 

as proofs. ° id 

1. If the refiduum of dulcified fpirit of nitre be be reduced 
boiled with a large quantity of nitrous acid, care being to one. 
taken at the fame time to condenfe the vapours by 1007 

a proper apparatus; and if the liquid which has paf- From the 
fed over be faturated with vegetable alkali, nitre and j 6 *| d -" u " lof 
terra foliata tartari will be obtained ; and on feparatinp; r° ' 
the latter by means of fpirit of wine, llie vinegar may tre> 
be had in the ordinary way of decompofiug the fait. 

2. On boiling the refiduum over again with nitrous 
acid, the fame products are obtained; and the more 
frequently this procefs is repeated, the lefs acid of fu- 
gar is procured, until at length no veftige of it is to 

be met with. I00 g 

3. Pure acid of fugar, boiled with 12 or 14 times its From the 
quantity of nitrous acid, is entirely decompofed, and decompoti- 
the receiver is found to contain phlogifticated nitrous tion ofacid 
acid, vinegar, fixed air, and phlogifticatcd air, while offu£ar ' 

a little calcareous earth remains in the retort. 

4. Acid of fugar is likewife decompofed by boiling From°the 
with fix times its quantity of vitriolic acid. In the production 
receiver we find vinegar phlogifticated with vitriolic of acidof 
acid, aerial acid ; while pure vitriolic acid remains in tartar fr«m 
the retort. the refi - 

5. Byfaturating the refiduum of dulcified fpirit of dulSfi °d 
nitre with chalk, there is formed an infolublc fait, f p i r " t of 
which by treatment with vitriolic acid yields a real nitre, 
acid of tartar, conftituting a cream of tartar with vc- 1010 
getable alkali. From the 

6. On evaporating the liquor from which the tar- P rodu<itioE > 

tareous felenite was obtained, a dark-coloured matter nip ?" 

„„ ■ • 11. inn • .reumatic 

remains, yielding on diftillauon an empyreumatic acid acid f tar . 

of tartar, and a fpongy coal. Hence it would feem, tarfrom" 

that fpirit of wine coniifls of acid of tartar, of water, the liquor 

and phlogifton ; fo that it is a native dulcified acid : in which 

and nitrous acid, on being mixed with it in moderate tam f ou » 

quantity, diilodges the acid of tartar. On the addi- ^"-j 6 .. 

tion of more nitrous acid, the acid of tartar is refol-" jq!^ 

ved into acid of fugar and phlogifton ; and by a ftill From the 

greater addition, the facchaiine acid is changed into folution of 

vinegar. manganc-fe 

7. On boiling one part of the acid of fugar with one b ^ nitrou8 
and an half of nungancfe and a fufficiem quantity of a ^ d J D f d a ~ 

T nitrous „ 3U 
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'' f>: ; nitrous icid, lie manganefe will be almoit entirely dif- 
~* folvcd, ami phlogUticated nitrous acid along with vine- 
g*l Into (he receiver. 

8. On boiling together acid of tartar, manganefe, 
and nitre we obtain a folution of the manga- 
nclc, iogillicatcd nitrous acid and vinegar as 
before. 

9. If acid of tartar be boiled along With vitriolic 
1 of acid and luangancfc, the latter will be diflblved, and 

no mie vinegar with vitriolic acid will pafs over into the re- 

•lie acid ccivcr - 

and that of ' °- On digefting acid of tartar and fpirit of wine 
tartar. for fcveral months, the whole is converted into vine- 
1 13 gar, the air in the veflel being partly converted into 
From the cretaceous acid, and partly into phlogifticated air. 
digeftionof .. r\- .„:,:„„ «•-:!•. _/ _.:_/_:.£ ..:.-:..! :- -.: 



t-t : 



11. On boiling fpirit of wine with vitriolic acid and 
manganefe, it will be convened into vinegar and phlo- 
giflicated air. 

12. By diltilling fpirit of wine upwards of 20 times 
from cauftic alkili, it was changed into vinegar, and a 
conliJcrable quantity of water was obtained. 

Hence it appears, fays Dr Crell, that the acids of 
tartar, fugar, and vinegar, are modifications of the 
fame acid, as it contains more or lefs phlogiflon. The 
acid of tartar has the grcatcft quantity, the acid of 
fugar fomewbat lefs, and vinegr the Icaft of all. In 
ihefe experiments, however, care muft be taken that 
neither the nitrous acid nor fixed alkali employed con- 
of fpirit of ta111 atl y mannc aciu > otherwife the reiults will be un- 

wiue with 
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§ 18. Of the Acid of Fat. 
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This may be obtained from fuet by means of 
many repeated diftillations. A fmall quantity is fepa- 
ratcd at each diftillation ; bin by diflilling the empy- 
renmatic oil into which the fuet is thus converted over 
and over, a frelh quantity is always obtained. The 
acid of fat in fome refpecls has a refcmblance to that 
of fea-falt ; but in others is much more like the vege- 
table kind, as being deftruclible in a flrong fire, form- 
ing compounds which do not deliqucfce with calcare- 
ous earth, and uniting intimately with oily fubftances. 
It^cffeds With alkalies it forms falts entirely different from thofe 
on alkalies, yielded by the other acids ; with the volatile alkali, 
particularly, it produces a concrete volatile fait. When 
fiturated with calcareous earth, it yields brown cr)- 
ftals; and a fait of the fame kind was obtained by Dr 
Crell from a mixture of quicklime and fuet diftilled to 
drynefs, and boiling up the reliduum with water. The 
rryflals were hexagonal, and terminated by a plane 
furface; their tatte was acrid and faltifh ; they did 
not deliquefce in the air, and were eafily and copioufly 
ved in water. With magnefia and earth of alum 
a gummy mafs is obtained, which refufes to cryflal- 
lize. 

With regard to the metals, Dr Crell informs us, 
iie acid of fat copioufly diflblves manganefe into 
a clear and limpid liquor. It diflblves the precipitate 
of cobalt, but not the rcgulus. White arfenic is aft- 
ed upon but fparingly, and nickel not at all, though 
it forms a green folution with the precipitate from ni- 
trous acid. Regulus of antimony, by the alfiftance 
of heat is diflblved into a clear liquor, which became 
milky in the cold: it cryftallized on evaporation, 
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and did not deliquatc in the air. Zinc readily drf- 
Iolved, and imparted a peculiar metallic tafle, falling 
to the bottom in the form of a white powder on the 
addition of an alkali. Bifmuth in the metallic flate 
was not diflblved ; but the precipitate was. It acted 
upon mercury after being twice diiliiled from it, and 
poured afrelh upon the metal. The mercury could 
not be entirely precipitated by common fait. It noted 
more vigoroully upon a precipitate from corrolivc fub- 
limatc; from the lblution of which a white fublimatc 
was obtained after the liquor had been drawn off by 
diftillation. A gold-coloured folution was obtained 
from platma by diflilling the acid from it to drynefs, 
and then penning it back again; the precipitate of 
this metal from aqua-regia by fpirit of wine was dif- 
folveu in great abundance. Iron was very eafily dif- 
folved in it, and exhibited a liquor of an aftringent 
tafle, which fliot into needle-like cryflals that did not 
deliquefce in the air. Lead was corroded and ren- 
dered the acid turbid. Minium was convened into a 
white powder, and then diflblved with greater cafe. 
The folution has a fweet tafle, and cannot be precipi- 
tated by fea-falt. Tin was corroded into a yellow calx, 
and diflblved but in very fmall quantity. Copper was 
diflblved, even in the cold, into a green liquor; but 
the folution was greatly promoted by heat. On eva- 
poration it ihowed fome difpofition to cryflallize, but 
again attracted moiflnre from the air. Silver-leaf was 
attacked only in a very fmall degree; however, fome 
was precipitated by means of copper, and the marine 
acid rendered the liquor turbid. The calx precipitated 
from aquafortis was dilfolved more copioufly. Silver 
WoS precipitated of a white colour from aquafortis by 
the pure acid itfelf, as well as by its ammoniacal fait.. 
Half an ounce of the acid diftilled four times almofl 
to drynefs from fome gold-leaves, and at length pour- 
ed back upon them, the precipitate of a dilute folu- 
tion of tin obtained by it, gained only a faint colour, 
rather inclining to red ; but a mixture of two parts of 
acid with one of aquafortis, diflblved gold very rea- 
dily. 

\ 19. Of Fixed Alkaline. Salts. 
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Of ihcfe there are two kinds; the vegetable and How pro- 
mineral. The former is never found by itfelf, and cured, 
but rarely in combination with any acid ; but is always 
prepared from the aflies of burnt vegetables. It is 
got in the greateft quantity from crude tartar ; from 
which, if burned with proper care and attention, we 
may obtain one pound of alkali out of 2i of the tar- 
tar. The latter is found native in fome parts of the 
earth. Ir is likewife found in very large quantities 
combined with the marine acid, in the waters of the 
ocean, and in the bowels of the earth ; thus forming 
the common alimentary fait. It is alfo produced from 
the afhes of certain fea-plants, and of the plant called 
kali ; from whence both the mineral and vegetable al- 
kalies have taken their name. 

The vegetable alkali difficultly a flumes a cryflalline Vegetable 
form; neverthelefs, it may be partially united with alkali cry- 
fome acids in fuch a manner as to cryflallize, and lofe ftallized. 
its property of deliquating in the air, without at the 
fame time ceafing to be an alkali. Of this we have 
an example in the acid of ants above-mentioned. Some- 
thing 
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Fixed alka- thing of the fame kind we have obferved in treating 
line falts vegetable fixed alkali with fpirit of wine. A gallon 
of pretty ftrong fpirit of wine being drawn over from 
a pound of fait of tartar, a black unctuous liquor was 
left, which (hot into cryltals very much refembling vi- 
triolated tartar, and which did not deliquate in the 
air, but were nevertlielefs (trongly alkaline. Dr Black, 
' however, informs us, that the vegetable alkali may be 
lhot into fine cryltals ; but which cannot be preferved, 
on account of their great attraction for moifture, un- 
lefs clofely fhut up from the air. They have not fuch 
a quantity of water as to undergo the aqueous fufion. 

The mineral alkali in its natural ftate always alfumes 
a cryftalline form, fomewhat refembling that of fal 
mirabile. It does not deliquate in the air, nor does it 
feem to have fo ftrong an attraction for water, even 
when in its moft cauftic ftate, as the vegetable alkali : 
hence mineral alkali is preferable to it in making foap, 
isi8 which is always of a firmer confiftence with mineral 
Change on than with vegetable alkali. If vegetable alkali iscom- 
the vege- bined with fpirit of fait, fome change feems to be 
tablealkah. thereby induced upon it ; as the fait produced by ex- 
pelling the marine acid by means of the vitriolic, and 
then cryftallizingthemafs, cryftallizes differently from 
vitriolated tartar. Whether the vegetable alkali might 
by this means be entirely converted into the mineral, 
deferves a further inquiry. 

Both mineral and vegetable alkalies, when applied 
to the tongue, have a very fharp, pungent, and uri- 
nous tafte; but the vegetable confiderably more fo than 
the mineral. They both unite with acids, and form 
different neutral falts with them : but the vegetable al- 
kali feems to have rather a greater attraction for acids 
than the other; although this difference is not fo great 
as that a neutral fait, formed by the union of mineral 
alkali with any acid, can be perfectly decompofed by 
an addition of the vegetable alkali, unlefs in confider- 
able excefs. 

Both vegetable and mineral alkali appear to be 
of a cauftic compofed of an exceedingly cauftic fait united with a 
fait aud fix- certain quantity of fixed air. This may be increafed fo 
far, as to make the vegetable alkali affume a cryftalline 
form, and lofe great part of its alkaline properties : but 
as the adhefion of great part of this air is very flight, it 
eafily feparates by a gentle heat. Some part, however, 
is obftinately retained ; and the alkali cannot be de- 
prived of it by the molt violent calcination per fe. The 
only method of depriving it entirely of its fixed air is, 
by mixing an alkaline folution with quicklime. 

Fixed Alkalies combined, 
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I. With Sulphur. The produce of this is the red 
fetid compound called hepar fulphuris, or liver of ful- 
phur. It may be made by melting fulphur with a 
gentle heat, and ftirring into it, while melted, four 
times its weight of dry alkaline fait. The whole 
readily melts and forms a red mafs of a very fetid 
fmell, and which deliquates in the air. If fulphur is 
boiled in a folution of fixed alkaline fait, a like com- 
bination will take place. 

In this procefs, when the hepar is made either in 
the dry or the moift way, the fixed air of the alkali is 
difcharged, according to Dr Prieftley's obfervation. 
Neither does a fixed alkali, when combined with fixed 
air, feem capable of uniting with fulphur ; nor will 



the union be accomplifhed without heat, unlefs the al- Fixed alka- 
kali is already in a cauftic ftate. Hence a cold folution linc falt f 
of hepar fulphuris may be decompounded, partly at * lcir 
leaft, by fixed air. On adding an acid, however, the tions 

decompolition takes place much more rapidly ; and the * y^—— ' 

fulphur is precipitated to the bottom, in form of a I02a 
white powder. Decompo- 

During the precipitation of the fulphur from an al- c ' 
kali, by means of acids, a thick white fmoke arifes, of 
a molt fetid fmell and fuffocating nature. It burns 
quietly, without explofion, on a candle's being held 'in 
it. Calces offilver, lead, iron, or bifmuth, are ren- lot . 
dered black by it. Hence, if any thing is wrote with Jnflamma- 
a folution of lead, and a folution of hepar fulphuris is ble vapour 
palfed over it when dry, the writing, formerly invifible, in tne - 
will immediately appear of a blackilh brown colour. com P°»- 
Silver, in its metallic ftate, is prodigioufly blackened tlcn ° lt ' 
either by the contact of this vapour, or by being im- 
merfed in a folution of the hepar fulphuris iifelf. Li- 
tharge is inftantly reftored to its metallic ftate, on 
being immerfed even in a cold folution of hepar ful- 

P bur "- . 1024 

By being united with an alkali, the acid of fulphur Phlogiftoa 
feems very much difpofed to quit the phlogifton. If a of fulphur 
folution of hepar fulphuris is expofed to the air for difpofed to 
fome time, it is fpontaneoufly decompofed; the phlo- c ' u . It thc 
giiton of the fulphur flying off, and the acid remaining aci ' 
united with the alkali into a vitriolated tartar. This 
decompofition takes place fo remarkably, when liver 
of fulphur is diffolved in water, that, by a fingle eva- 
poration to drynefs, it will be almoft totally changed 
into vitriolated tartar. If this fubftance, in a dry ftate, 
be expofed to a moderate degree of heat, and the mafs 
kept conftantly ftirring, a like decompofition will fol- 
low ; the phlogifton of the fulphur will fly off, and the 
acid unite with the alkali. 

Liver of fulphur is a great folvent of metallic mat- Metals and 
ters ; all of which, except zinc, it attacks, particular- charcoal 
ly in fufion. It feems to diflblve gold more effectu- diffolved 
ally than other metals. This compound alfo diffolves b 7 lt ' 
vegetable coals, even by the humid way ; and thefe 
folutions, if fuffered to fland in the open air, always 
precipitate a black powder, no other than the coal 
they had diffolved, in proportion to the quantity of 
hepar fulphuris decompofed. When vegetable coal is 
thus difTolved by liver of fulphur in fufion, it is of a 
much deeper red than in its natural ftate. The folu- 
tion in water is of a green colour. 

II. With Exprejfed Oils. The refult of this combi- 
nation is foap ; for the preparation of which in large 
quantities in the way of trade, fee Soap. The foap 
which is ufed in medicine is prepared without heat, 
in the following manner, according to the author of 
the Chemical Dictionary. 

" One part of quicklime, and two parts of good 
Spanifh foda (the fait prepared from the afhes of the 
herb kali), are boiled together during a fhort time in 
an iron caldron. This lixivium is to be filtered, and 
evaporated by heat, till a phial, capable of containing 
an ounce of water, (hall contain an ounce and 216 
grains of this lixivium. One part of this lixivium is 
to be mixed with two parts of oil of olives, or of fweet 
almonds, in a glafs or ftone-ware veffel. The mixture 
foon becomes thick and white ; and muft be ftirred 
from time 10 lime with an iron fpatula. The combi- 
T 2 nation 
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ki-nition is gradually completed, and in ("even or eight 
line lata j, vs a vflg y white an d fi rm | 03 p j s obtained." 

combinations of this kind, it is abfo- 
luicly ntcrlLry that the alkali be deprived of its fixed 
ait U moi ible ; otherwife the foap will be 

quite unctuous and foft : for fixed alkalies have a great- 
er attraction for fixed air than for oil, and hence foap 
is decompounded by blowing fixed air into a fohuion 
of it m water. It may be made either with tallow, 
wax, fpermaceti, butter of cocoa, the coarfer refinous 
;.ccs, or animal oils. 
HI. With EtfentUl Oils. The volatility of thefe oils 
in a great meafure hinders them from being acted upon 
by alkalies : neverthelcfs, combinations of this kind 
have been attempted ; and the compounds fo produced 
have been called Stark;)' s foap, from one Starkey a 
chemilt, who endeavoured to volatilize fait of tartar by 
combining it with oil of turpentine. His method was 
to put dry fait of tartar into a matrafs, and pour upon 
it eirential oil of turpentine to the height of two or 
three fingers breadth. In five or fix months, a part 
of the alkali and oil were combined into a white fa- 
poniceous compound. This mtift be feparated from 
the mixture, and more of it will afterwards be formed 
by the fame method. 

Chemifts, imagining this foap to be poflefled of con- 
fiderable medical virtues, have endeavoured by various 
methods to fhorten this tedious procels. Of thefe one 
of the moft expeditious is that recommended by Mr 
Beaume ; which coniills in triturating, for a long time, 
alkaline fait upon a porphyry, and adding oil of tur- 
pentine during the trituration. According to him, the 
thick rciinous part of the oil only can combine with 
the fait ; and, during the time this combination is ef- 
fected, the more fubtile and attenuated parts will fly 
off. Hence he finds that the opcartion is confide- 
rably abridged by the addition of a little turpentine or 
common foap. The moft expeditious of all, how- 
ever, is that mentioned by Dr Lewis ; which confilts 
in heating the alkali red hot, and then throwing it 
into oil of turpentine, ftirring them well together ; 
on which they immediately unite into a faponaceous 
inafs. 

This kind of foap is fubject to great alterations from 
keeping; particularly the lofs of its colour, and a kind 
of decompolition occalioned by the extraction of an 
acid from the oil of turpentine, which unites with the 
alkali, and cryftallizes not only all over the furface, 
but in the very fubftance of the foap. The nature of 
this fait is unknown, but certainly deferves confidera- 
tion. 

IV. H'ith Phlogifton. This combination is effected 



roi8 

ra't'c^'iilka-by calcining them" with the charcoal either of vege- 
lics. table or animal matters. The confequence is, that 

they are greatly altered in their properties ; fometimes 
fo much as to be enabled to precipitate calcareous earths 
from their folutions in acids. Metallic folutions pre- 
cipitated by them in this flate, aflume different colours. 

Differences obferved bftween Fixed Alkalies obtain- 
ed from different Vegetables. 

Thefe differences we muft conceive to arife from 
fome proportion of the oily and phlogiftic matter ot 
the vegetable remaining in the afhes irom whence the 
falts arc extracted ; for when reduced to their uimoft 



purity, by repeated calcination? in a ftrong firr, and Piwd«lk»« 
deliquations in the air, all of them, the marine alkali lme ,aIt * 
excepted, appear to be the very lame. ani . Mc ' r 

On this iubject Mr Gmelin h?s given a great num- 
ber of experiments in the fifth volume of the Cow- , 1 

mentaria l\tropolttiii:a ; and found very confiderable io2 9 
differences, not only between the alkaline falts, bat *J*r Gme- 
likewife the pure vegetable earths obtained from dif- m s tx P c " 
ferent vegetables by burning. The falts of the fevsral 
plants examined were prepared with great care, and all 
of them exactly in the fame manner ; each vegetable be- 
ing burnt in a feparate crucible, with the fame degree 
of fire, till no remains of coaly matter could any longer 
be perceived ; and the afhes elixated in glafs vcllels 
with coid diftilled water. The falts, thus obtained, 
were found to produce different colours on mixture 
with certain liquors, and to effervefce in very diffe- 
rent degrees with acids : certain metallic folutions 
were by fome precipitated, by others only rendered 
thicker, by others both precipitated and rendered 
thick ; wbilft fome occafioned neither the one nor the 
other of thefe changes, but left the fluid clear and 
tranfparent. Thus, with the vitriolic acid, the falts 
of iouthernwood and fage flruck a pale brown colour; 
thofe of pine-tops and rue, a yellow ; that of fern, a 
reddiih yellow ; and that of fanicle, a dark leek-green : 
that of dill yielded a leek-green precipitate, with ele- 
gant green flakes floating in the liquor. This laft 
fait alio gave a greenifh precipitate with the marine 
acid, and a red one with the nitrous. Solution of 
corrofive fublimate was changed yellow by fait of 
fouthernwood ; of abrownifh colour, by that of colt's- 
foot ; of a deep red, by that of wormwood ; and of a 
pitch-colour, by that of dill. That of fern threw down 
an opal-colour ; of fage, a fulphnr-yellow ; of elder 
flowers, a citron yellow ; of fanicle, a faffron colour ; 
and of milfoil, a deep-red precipitate. From fohuion 
of (liver, fait of carduus benediftui threw down a white; 
of camomile, a grey ; of hyflbp, a brownifh ; of dill, a 
blackifh brown ; of fcabious, a y< llowilh ; and that of 
pine-tree tops, a fulphur yellow precipitate. Solution 
of vitriol of copper was changed by fait of fouthern- 
wood to a bright fea-green ; by that of dill, to an un- 
fighily green ; of agrimony, to a greenifh blue ; and by 
that of milfoil, to a bright fky-blue : the fait of pen- 
ny-royal made the liquor thick as well as blue, and 
that of feverfew made it thick and green : the fait of 
hyflbp threw down a green precipitate, that of fcurvy- 
grafs a blue one, and that of fumitory a greenifh blue : 
whilft the fait of fern made fcarcely any change either 
in the colour or confittency of the liquor. 



§ 19. Of Volatile Alkali. 

1030 
This is a kind of fait obtained from all animal, whence 
fome vegetable, fubftances, from foot by diftillation obtained, 
with a ftrong heat, and from all vegetable fubftan- 
ces by putrefaction. Though a volatile alkali is 
procurable from all putrid animal fubftances by di- 
ftillation, yet the putrefactive procefs docs not feem 
to prepare volatile alkali in all of thefe. Putrid urine, 
indeed, contains a great quantity of alkali ready form- 
ed, whence its ufe in fcouring, ire. but the cafe is 
not fo with putrid blood or flefh. Thefe afford no al- 
kali till after the phlegm has arifen ; and this they 

would 
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would do, though they lud not been putrefied. Ac- 
cording to Mr Wiegleb, volatile alkali is found in 
limeftone, lapis fuillus, chalk, marble, coals, turf, 
loam, clay, and many other kinds of earth. Its exig- 
ence in thefe fubftances may be difcovered merely by 
diftilling them with a brifk fire, but (till better by the 
addition of fome quantity of fixed alkali or quicklime 
before the diftillation. — It has even been found in all 
mineral falts and their acids, as vitriol, nitre, com- 
mon fait, and the acid liquors drawn from thefe fub- 
ftances, alfo in gypfum and fulphur : from all which 
it may be feparated by means of quicklime. — -In the 
vegetable kingdom it is produced by dry diftillation 
from muftard-feed, elder flowers and leaves ; the leaves 
of the wild cherry-tree, white water-lilies, tobacco, 
and fage ; as well as from many other plants. Ac- 
cording to our author, the plainefl proof of its exift- 
ing almoft univerfally in the vegetable kingdom, is, 
that the foot of our chimneys affords a volatile alkali 
by diftillation, either with or without quicklime. 

Volatile alkali, when pure, appears of a fnowy 
whitenefs ; has a very pungent fmell, without any dis- 
agreeable empyreuma ; is very eafily evaporable, with- 
out leaving any refiduum ; effervefces with acids much 
more ftrongly than fixed alkali ; and forms with them 
neutral compounds called anwioniacal falts, which we 
have already defcribed, and which are different ac- 
cording to the nature of the acid made ufe of; for all 
volatile alkalies, when perfectly purified, appear to be 
the very fame, without the fmalleft difference. 

Like fixed alkalies, thefe falts contain a great quan- 
tity of fixed air, on which their folidity depends; 
and which may be fo increafed as perfectly to neu- 
tralize, and deprive them of their peculiar tafte and 
fmell. When neutralized by fixed air, they have a 
very agreeable pungent tafte, fomewhat refembling 
that of weak fermenting liquors. When totally de- 
prived of fixed air, by means of lime, they cannot be re- 
duced to a folid form ; but are dillipated in an invifible 
and exceedingly pungent vapour, called by DrPrieftley 
alkaline air. When volatile alkaline fait is diflblved 
in water, the folution is called volatile alkaline fpirit. 

Diftillation and Purification of Volatile Alkalies. 



The materials moft commonly ufed for preparing vo- 
veffel,and latile alkalies are the folid parts of animals, as bones, 
method of horns, &c. Thefe are to be put into an iron pot of the 
theopera" g ma P c recomraended for folution ; to this muft be fitted a 
tion. fl at head, having a hole in the middle about two inches 

diameter. From this a tube of plate-iron muft iffue, which 
is to be bent in fuch a manner that the extremity of it 
may enter an oily jar, through an hole made in its up- 
per part, and dip about half an inch under fome water 
placed in the lower part. The mouth of the jar is to be 
fitted with a cover, luted on very exactly ; and having 
a fmall hole, which may be occafionally flopped with 
a wooden peg. The junctures are to be all luted as 
clofe as poffible, with a mixture of clay, fand, and 
fome oil ; and thofe which are not expofed to a burn- 
ing heat, may be further fecured by quicklime and 
the white of an egg, or by means of glue. A fire be- 
ing now kindled, the air contained in the diftilling 
veffel is fir ft expelled, which is known by the bubbling 
of the water; and to this vent muft be given by pull- 
ing out the wooden peg. A confiderable quantity of 
phlegm will then come over, along with fome volatile 



alkali, a great quantity of fixable air, and funic oil. Volatile 
The alkali will unite with the water, and like wife alkali and 
fome part of the fixed air, the oil fwi mining above. lts c ° w ° l - 

A great many incoercible vapours, however, will . , 

come over, to which vent muft be given from time to 
time, by pulling out the peg. The diftillation is to 
be continued till all is come over ; which may be 
known by the cefTation, or very flow bubbling of the 
water. The iron pipe muft then be feparated front 
the cover of the diftilling vefTel, left the liquid in the 
jar fhould return into it, on the air being condenfed 
by its cooling. In the jar will be a volatile fpirit, 
more or lefs ftrong according as there was lefs or more 
water put in, with an exceedingly fetid black oil float- 
ing upon it. I03 2 

The rectification of the volatile alkali is moft com- Rectifies* 
modioufly performed at once by combining it with an tion. 
acid ; and, as fpirit of fait has the leaft affinity with 
inflammable matter, it is to be chofen for this pur- 
pofe, in preference to the vitriolic or nitrous. As 
the fpirit is exceffively oily, though already much 
weakened by the admixture of the water in the jar, 
if a very large quantity was not originally put in, an 
equal quantity of water may ftill be added, on draw- 
ing off the fpirit. That as little may be loft as pof- 
fible, the fpirit fhould be received in a ftone bottle ; 
and the marine acid, likewife in a diftilled ftate, add- 
ed by little and little, till the effervefcence ceafes. The 
liquor, which is now an impure folution of fal ammo- 
niac, is to be left for fome time, that the oil may fe- 
parateitfelf ; it is then to be filtered, evaporated, and 
cryftallized in a leaden vefTel. If the cryftals are not 
fufficiently pure at the firft, they will eafily become 
fo on a fecond diflolution. 1033- 

From fal ammoniac thus obtained pure, the volatile Volatile fal 
alkali may be extricated by diflillation with chalk, al- ammoniac, 
kaline falts, or quicklime. Alkaline falts act more 
brifkly than chalk, and give a much ftrongcr volatile 
alkali. The ftrength of this, however, we know 
may be altered at pleafare, by adding to, or depriving 
it of, its natural quantity of fixed air. Hence, per- 
haps, the beft method would be, to prepare volatile 
alkalies altogether in a fluid itate, by means of quick- 
lime ; and then add fixed air to them, by means of 
an apparatus fimilar to that directed by DrPrieftley 
for impregnating water with fixed air. To prevent 
lime from adhering to the diftilling velTels in which it 
is put, the tranflator of Wiegleb's chemiftry recom- 
mends the putting in three or four ounces of common 
fait along with the other ingredients. 

Volatile alkalies combined, 

1034 
I. With Metals. There are only three metals, viz. Cuprum 
copper, iron, and lead, upon which, while in their ammonia- 
metallic form, volatile alkalies arc capable of acting. ca ^ e - 
Copper-filings are diflolved by volatile alkali, efpecial- 
ly in its cauftic ftate, into a liquor of a moft admi- 
rable blue colour. It is remarkable, that this colour 
depends entirely upon the air having accefs to the fo- 
lution : for if the bottle containing it is clofe ftopt, 
the liquor becomes colonrlefs; but, however, refr.mcs 
its blue colour on being expofed to the air. On evapo- 
poration, a blue faline mafs is obtained, which, mix- 
ed with fats, or other inflammable matters, tinges 
their flame green, leaving a red calx of copper, fo- 
luble again in volatile fpirits as at firft. This faline fub- 
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fhnce has bred received imo the lait edition of the E l« 
DifpenGltory, under ilic name of cuprui . 
. .is an antiepileptic. 

The blue mixture ol folution of copper in aquafortis 
with volatile fpirits, yields fapphirc-coloorcd cryilals, 
which diflblve in fpirit of wine, and impart their co- 
lour to it. If, inltcad of cry ltalliz.ation, the liquor 
be totally evaporated, the remaining dry matter ex- 
plodes, in a moderate heat, like aurum folminans. 
This is given as a fact by Dr Lewis ; but hath not fuc- 
cccdcd upon trial by Dr Black. Various phenomena, 
fays Mr Wiegleb, occur in the diflblution of copper 
by the volatile alkali. — On faturating dilute fpirit of 
fa! ammoniac with copper-filings, cry Hals arc formed 
of a dark-blue colour, but which, by cxpofure to the 
air, fall to pieces and become green. Vinous fpirit 
of fil ammoniac impregnated with copper, lofes in an 
inllant its blue colour, on the affuiion of an equal 
quantity of faturated folution of fixed alkaline fait. 
The copper is then taken up by the fixed alkaline 
folution, which of confequence acquires a blue colour, 
while the fpirit of wine, deprived of the metal, floats 
clear on the top. When filings of copper are put into 
a bottle, and that bottle quite filled with cauflic vola- 
tile alkali, and is immediately flopped up, no folution 
takes place: but when the bottle is left open, only 
for a lhort time, or an empty (pace is left in it, a 
colourlefs folution is obtained, which in the air ob- 
tains a blue colour ; but which may be deprived of 
this colour as often as wc pleafe, by (hotting it up ex- 
actly from the air, and letting it fland, in this fitua- 
tion, on frelh filings of copper — From thefe pheno- 
mena Mr Wiegleb concludes, that copper docs not 
dillblve in volatile alkali until it has lott part of its 
phlogiftoti, to which the air, by the attraction it ex- 
erts upon it, contributes its fhare. if this has taken 
place only in a ihiall proportion, and the farther ac- 
cefs of air be prevented, the remainder will be dif- 
folved without any colour; which, however, appears 
in the inftant that, by a freih accellion of air, the 
phlogifton (till remaining finds means to efcape. The 
diftblved copper is always precipitated when the fo- 
lution meets with phlogifticated copper. The colour- 
lefs folution is precipitated by zinc and vitriolic acid, 
but not by iron. It tafles rather fweet, and does not 
fmell very ftrong of volatile alkali ; while, on the con- 
trary, the blue folution has a pungent fmell, and is 
precipitated by diltillcd water. 

On the other two metals the action of volatile alkali 
is by no means fo evident; it dilfolves iron very llowly 
into a liquor, the nature of which is not known; and 
lead is corroded by it into a mucilaginous fubltance. 

II. With Inflammable Subjlancts. With exprefTcd 
oils, the cauflic volatile alkali unites into a foft unc- 
tuous mafs, of a very white colour, imperfectly fo- 
luble in water, and which is foon decomposed fpon- 
taneoofly. Compofitions of this kind are frequently 
ofed for removing pains, and fometimes with fuccefs. 
With eflential oils, volatile alkalies may be united, 
either in their dry or liquid, form, by means of diftilla- 
lion. The produce is called fat volatile olcoftivi ; it is 
much more frequently ufed in a liquid than in a dry 
form. The general method of preparation is by di- 
lg volatile alkali along with eflential oils and fpi- 
rit of wise, or the aromatic fubftance from whence 
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the ilb utial oils arc drawn. Thefe compofitions sre Volatita 
variable atpleafure; but certain forms arc laid down f"* 1 
in the difpeufatories, with which it is expected that all 

the chemills lhould comply in the preparation of ihclc Jl — , 

medicines. 

III. Emu de Luce. This is the name given to in Spirit* 
exceedingly volatile fpirit, which fomc years ago was ^ . " 
pretty much in vogue; and indeed Items very well 
calculated to antwer all the purpofes for which volatile 
alkalies can be ufed. It was of a thick white colour, 
and fmelled fomewhat of oil of amber. A receipt ap- 
peared in Lewis's Difpenfatory for the preparation of 
this fluid, under the name of fpiritusvolatilis fucdnatus. 
The method there directed, however, did not fncceed ; 
becaufe, though the alkaline fpirit is capable of keeping 
a fmall quantity of oil of amber fufpended, the colour 
is greatly more dilute than that of genuine eaude luce. 
In the Chemical Dictionary we have the following re- 
ceipt: " Take four ounces of rectified fpirit of wine, 
and in it diflblve 10 or 12 grains of white foap ; filter 
this folution; then diflblve in it a drachm of rectified oil 
of amber, and filter again. Mix as much of this folu- 
tion with the ftrongefl volatile fpirit of fal ammoniac, 
as will be futficient, when thoroughly ihaken to give it 
a beautiful milky appearance. If upon its fur face be 
formed a cream, fome more of the oily fpirit inufl be 
added." 

This receipt likewife feems infufficicnt. For the oil 
of amber docs not diflblve in fpirit of wine : neither 
is it probable that the fmall quantity of foap made ufe 
of could be of any fervicc -, for the foap would diflblve 
perfectly in the alkaline fpirit, withont fuffcring any 
decompofition. The only method which wc have 
found to anfwer is the following. Take an ounce, or 
any quantity at plcafure, of balfamum Canadenfe ; place 
it in a fmall china bafon, in a pan of boiling watery and 
keep it there till a drop of it taken out appeals of a 
relinous confidence when cold. Extract a tincture 
from this rclin with good fpirit of wine; and having 
impregnated your volatile fpirit with oil of amber, la- 
vender or any other eflential oil, drop in as much of 
the Tpiritous tincture as will give it the defined colour. 
If the volatile fpirit is very flrong, the eau de luce will 
be thick and white, like the cream of new milk ; nor is 
it fnbject to turn brown with keeping IO -g 

IV. With Volatile Ti/iffure of Sulphur. This is a Volatile 
combination of the cauflic volatile alkali, or fpirit alkali com- 
of fal ammoniac, with fnlphur. It is nfually di- bincd with 
retted to be made by grinding lime with the fill- Mpfe"*' 
phur and afterwards with the fal ammoniac, and di- 
itilling the whole in a retort, but the produce is by 
this method very fmall, and even the fuccefs uncer- 
tain. A preferable method feems to be, to impreg- 
nate the ftrongefl cauflk volatile fpirit with the va- 
pour which arifts in the decompofitions of hepar ful- 
phuris by means of an acid, in the fame manner a^ 
directed for impregnating water with fixed air. 1039 

This preparation has a moft naufeous fetid fmell, Symjiathe- 
which fpreads to a confiderable dirtance ; and the ef- t" "*k. 
fluvia will blacken filver or copper, if barely placed in 
the neighbourhood of the unflopped bottle. This 
property renders it capable ot forming a curious kind 
of fympathetic ink; for if paper is wr^te upon with 
a folution of faccharum faturni, the writing, which 
difappcars when dry, will appear legible and of a 

trownifh 



Pra&ice. 



CHEMISTRY. 



I si 



acid, 
fait 



&c. 



1040 
Of mixing 
the acid fpi- 
rits with 
one ano- 
ther. 



Plienomc- brownifn black, by barely holding it near the month 
nafrom f the bottle containing volatile tin&ure of fulphur. 
m ; xtureso f The vapours of this tincture are lb exceedingly pe- 
netrating, that it is faid they will even penetrate 
through a wall, (o as to make a writing with faccha- 
rum faturni appear legible on the other tide ; but this 
is much to be doubted. It is even faid that it cannot 
penetrate through the fubftance of paper, but only in- 
linuates itfelf betwixt the leaves ; aijd hence if the 
edges of the leaves are glued together no black colour 
will appear. 

§ 20. Of the Phenomena refulting from different mix- 
tures of the Acid, Neutral, and Alkaline Salts, al- 
ready treated of. 

1. If concentrated oil of vitriol is mixed with flrong 
fpirit of nitre, or fpirit of fait, the weaker acid will 
become exceedingly volatile, and emit very elaftic 
fumes ; fo that if a mixture of this kind is put into a 
clofe ftopt bottle, it will almoft certainly burft it. The 
fame effect follows upon mixing fpirit of fait and fpi- 
rit of nitre together. In this cafe, both acids become 
furprifingly volatile ; and much of the liquor will be 
dillipated in fumes, if the mixture is fuffercd to (land 
for any confiderable time. Such mixtures ought 
therefore to be made only at the time they are to be 
ufed. 

2. If vitriolated tartar is difTolved in an equal quan- 
tity of flrong fpirit of nitre, by heating them together 
in a matrafs, the ftronger vitriolic acid will be displa- 
ced by the weaker nitrous one, and the liquor, on 
cooling, will fhoot into cryftals of nitre. The fame 
thing happens alfo upon difTolving vitriolated tartar, 
or Glauber's fait, in fpirit of fait. This obfervation 
wc owe to Monf. Beaume, and the reafon of it has 
been already explained. See n° 285. 

3. If vitriolated tartar, or Glauber's fait, is difTolved 
in water, and this folution mixed with another con- 
fifting of calcareous earth, filver, mercury, lead, or 
tin, difTolved in the nitrous or marine acids, the vitrio- 
lic acid will leave the fixed alkali with which it was 
combined, and, uniting with the calcareous earth or 
metal, fall with it to the bottom of the velTel. This 
decompaction takes place only when the vitriolic acid 
meets with fuch bodies as it cannot eafily diifolve in- 
to a liquid, fuch as thofe we have jufl now men- 
tioned ; for though vitriolated tartar is mixed with a 
folution of iron, copper, &c. in the nitrous or marine 
acids, no decompofition takes place. The cafe is not 
altered, whatever acid is made nfe of ; for the marine 
acid will effectually feparate filver, mercury, or lead, 
from the vitriolic or nitrous acids. 

4. According to Dr Lewis, if a folution of vitriola- 
ted tartar is dropt into lime-water, the acid will unite 
with the lime, and precipitate with it in an indifToluble 
fclenite, the alkali remaining in the water in a pure 
and cauftic ftate. 

5. If green vitriol is mixed with any folution con- 
taining fubflances which cannet be difTolved into a li- 
quid by the vitriolic acid, the vitriol will be immedi- 
ately decompofed, and the liquor will become a folu- 
tion of iron only. Thus, if green vitriol is mixed with 
a folution of faccharum faturni, the vitriolic acid im- 
mediately quits the iron for the lead, and falls to the 
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6. If folution of tin in aqua-rrgia is mixed with fo- 
lution of faccharum faturni, the marine acid quits the faIts ^ 

tin for the lead contained in the faccharum ; at the * w » 

fame time, the acetous acid, which was combined with 1045 
the lead, is unable to diliolve the tin which was be- Of folution 
fore kept fufpend by the marine acid. Hence, both f ac ''h an f m 
the faccharum. faturni, and folution of tin, arc vtry ef^- f aturu i, 
fectually decompofed, and the mixture becomes en- 
tirely ufclefs. Dyers and callico-printers ought to at-- 

tend to this, who are very apt to mix thefe two folu- 
tions together ; and no doubt many of the faults of 
colours dyed or printed in particular places, arife from 
injudicious mixtures of a fimilar kind. See Dyeing. 1046 

7. If mild volatile alkali, that is, fuch as remains in Of calcare- 
a concrete form, by being united with a large quan- ous JoUi - 
tity of fixed air, is poured into a folution of chalk in tl ° n f °V 
the nitrous or marine acids, the earth will be preci- |" 1 ., V j?".. 
pitated, and a true fal ammoniac formed. If the 

whole is evaporated to drynefs, and a confiderable 
heat applied, the acid will again part with the alkali, 
and combine with the chalk. Thus, in the purifica- 
tion of volatile alkalies by means of fpirit of fait, the 
fame quantity of acid may be made to ferve a number 
of times. This-will not hold in volatile fpirits prepa- 
red with quicklime. 1047 

8. If equal parts of fal ammoniac and corrofive fub- Salalera- 
limatc mercury are mixed together and fublimed, they hroth. 
unite in fuch a manner as never to be feparable from 

one another without decompofition. The compound is 
called/^/ alembroth ; which is faid to be a very power- 
ful folvent of metallic fubflances, gold itfelf not ex- 
cepted. Its powers in this, or any other refpeel, are 
at prtfent but little known. By repeated fublima- 
tions, it is faid this fait becomes entirely fluid, and re- 
fufes to arife in the ftrongeft heat. I0 .g 

9. If vitriolic acid is poured upon any fait difficult Solution of 
of folution in water, it becomes then very eafily folu- falts pro- 
ble. By this means, vitriolated tartar, or cream m °t«l by 
of tartar, may be difTolved in a very fmall quantity of Vltn 
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The general divifions and characters of thefe fub- 
flances we have already given ; and moft of their 
combinations with faline fubflances have been men- 
tioned, excepting only thofe of the terra ponderofa ; 
a fubftance whofe properties have been but lately in- 
quired into, and are not yet fufficiently invefligated." 
In this fecTion, therefore we have to take notice only 
of their various combinations with one another, with 
inflammable, or metallic fubflances, &c. As they do 
not, however, act upon one another till fubjected to a 
vitrifying heat, the changes then induced upon them 
come more properly to be treated of under the article 
Glass. Upon metallic and inflammable fubflances 
(fulphur alone excepted), they have very little effect ; 
and therefore what relates to thefe combinations fhall 
be taken notice of in the following fections. We 
fhall here confine ourfclves to fome remarkable altera- 
tions in the nature of particular earths by combination 
with certain fubflances, and to the phofphoric quality 
of others. 
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TtlKRi PoNDSA 

true calcareous kind, anJ capable 
ing convrrtcil into a very acrid lime ; but 111 other 
■ different. It is moll commonly met 
in the veins of 1 ited with the vitriolic acid 

in a mafs (bmewhai refembling gypfum, but much hea- 
vier atul more opaque i the great weig 
ibis fubllancc the eartb iifclf lias its name, though 
when freed from the aciJ it is by no means remarkable 
for this property. Its properties were firft taken notice 
of by the foreign chemifts; but they hive been more 
accurately invciligatrd by Dr Withering, who has 
publilhcd his obfervations in the 741I1 volume of the Fhi- 
lofophical Tranfactions. His experiments were not 
made on the gypfcous fubflance abovementioned ; but on 
a combination of the earth with fixed air, which is 
much more uncommon, and like the other pollefl'es a ve- 
ry conli-lerable degree of fpecific gra\ity. Both thefe 
combinations have the general name ol fpathn? 
derofu?n } or ponderous /par ; the former being alio 
called hat ojeloiite, &c. 

The fpar ufed by Dr Withering was got out of a lead 
mine at AHlon moor in Cumberland. Its appearance 
was not unlike that of a lump of alum ; but on clofer 
infpeclion it appeared to be compofed of [lender fpiculse 
in clofe contact, more or If fs diverging, and fo foft 
that it might be cut by a knife; its fpecific gravity 
from 4.300104.338. It etfervefced with acids, and 
melted, though not very readily, under the blow-pipe. 
In a common fire it loft its tranfparency ; and on being 
urged with a (Ironger heat in a melting furnace, it 
adhered to the crucible, and fhowed figns of fufion ; 
but did not appear to have loft any of its fixed air, either 
by diminution in weight, becoming cauftic, or loling 
its power of effervelcing with acids. 

Five hundred grains of this fpar, by folution in mu- 
riatic acid, loft 104 grains in weight, and left an info- 
luble rcfiduum of three grains. In another experi- 
ment, 100 grains of fpar loft 21 ; and there remained 
only 0.6 of a grain of infoluble matter. 

On dillolving another hundred grains in dilute mu- 
riatic acid, 25 ounce-meafures of air were obtained, 
which by proper trials appeared to be pure aerial acid ; 
and, on precipitating the folution with mineral alki, 

100 grains of earth were again obtained; but on dif- 
folving the precipitate in frefh muriatic acid, only 20 
ounce-meafures of air were produced. 

Mild vegetable alkali precipitated a faturated folu- 
tion of this fpar in marine acid, with the efcape of a 
quantity of fixed air; and the fame effect took place 
on the addition of follil alkali ; but with cauftic alkalies 
there was no appearance of etf'ervefcence, though a 
precipitate likewife fell. 

Fifty parts of fpar, difiolved in marine acid, loft 

101 ; and with cauftic vegetable alkali, a precipitate 
weighing 45; was obtained. Phlogifticated alkali 
precipitated the whole of the earth, as appeared by 
the addition of mild fixed alkali afterwards, which oc- 
cafioned no farther precipitation. 

Fart of the precipitate thrown down by the mild 
alkali was expofed to a ftrong heat in a crucible, and 
then put into water. The liquid was inftantly con- 
verted into a very acrid lime-water, which had the fol- 
lowing remarkable properties: The fmalleft portion 
of vitriolic acid, added 10 this water, occafioned an 



immediate and copious precipitation, which appeared Tern pan- 
even ifter the liquid was dilated with 2co times its t!cioU *' ,ul 

bulk of pure water. 2. /\ Tingle droplet fall into B tton«. 
folution ot Glauber's fait, vitriolated tartar, alum, vi- %_ __^^_/ 
triolic ammoniac, Epfom fait, or felenitc, occasioned 
an immediate and copious precipitate in all of them : 
the reafon of which was the fupcrior attraction ol the 
ponderous earth for tin ucul ot thefc (alts, which 
forming with it an indiflblubie concrete, inftantly fell 
to the bottom. 1056 

The precipitate thrown down by the cauftic vege- Infoluble 
table alkali was put into water, but exhibited no fuch precipitate 
appearances as the other : even the mixture was boiled; tlirow " 
nor had it any acrimonious taiie. On adding the ov £ y . 
three mineral acids to feparate portions of the preci- kali 
pitate itfelf, neither effervefcence, nor any fign of fo- 
lution, appeared. Alter Handing an hour, water was 
added, and the acids were fuffired to remain another 
hour on the powder ; but on decanting them after- 
wards, and adding tortile alkali to the point of fatura- 
tion, no precipitate appeared. 

The precipitate thrown down by the phlogifticated 
alkali, nixed with nitre and borax, and melted with a 
blow-pipe on charcoal, formed a black glafs ; on flint- 
glafs, a white one ; and on a tobacco-pipe, a yellow- 
ilh white one. Another portion, melted with foap and 
borax in a crucible, formed a black glafs. 

The fmall quantity of infoluble refiduum formerly 
mentioned, appeared to be the combination of ponde- 
rous earth with vitriolic acid, called heavy gypfum, 
marmor metallicum, barofelenite, &c. I0 . 7 

From thefe experiments the Doctor concludes, that Analyfis 
100 parts of this fpar contain 78.6 of pure ponderous and proper- 
earth, T ' T of a grain of marmor metallicum, and 20.8 * ics of 
grains of fixed air. 2. The quantity of mild alkali atratcd 
ncceflary to faturate any given portion of acid, con- P OTldcrow 
tains a greater quantity of fixed air than can be ab- rar 
forbed by that quantity of terra ponderofa which the 
acid is able to diffolve. 3. The terra ponderofa, when 
precipitated by means of a mild alkali, readily burns 
to lime ; and this lime-water proves a very nice teft of 
the prefence of vitriolic acid. 4. In its native ftate 
the terra ponderofa will not burn to lime; when ur- 
ged with a ftrong fire, it melts and unites with the 
crucible, without becoming cauftic ; nor can it be 
made to part with its fixed air by any addition of 
phlogifton. He conjectures, therefore, that as cauftic 
lime cannot unite to fixed air without moifture, and 
as this fpar feems to contain no water in its compo- 
sition, it is the want of water which prevents the 
fixed air affuming its elaftic aerial ftate. " This fup- 
polition (fays he) becomes ftill more probable, if we 
obferve, that when the folution of the fpar in an acid 
is precipitated by a mild alkali, fome water enters in- 
to the compofition of the precipitate ; for it has the 
fame weight as before it was difiolved, and yet pro- 
duces only 20 ounce-meafures of fixed air, while the 
native fpar contains 250! the fame meafures : fo that 
there is an addition of weight equal to five ounce- 
meafures of air, or three one-half grains, to be account- 
ed for ; and this can only arife from the water. 
5. The precipitate formed by the cauftic alkali, taking 
fome of the latter down with it, forms a fubftance 
neither foluble in acids nor water. This infoluble 
compound is alfo formed by adding the lime-water al- 
ready 
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read/ mentioned, to a folution of caultic vegetable, or 
folfile fixed alkali, but not with volatile alkali. 6. Fix- 
ed vegetable as well as mineral alkali, and even vola- 
tile alkalies, whether mild or caulfic, are capable of 
feparating- terra ponderofa from any other acid ex- 
cepting the vitriolic ; but from it neither mild nor 
caultic alkalies are capable of feparating this earth, 
excepting the vegetable fixed alkali, which will partly 
do it by an intenfe heat in the dry way. 7. This 
earth affords an excellent method of purifying the ni- 
trous and marine acids from any portion of the vitri- 
olic; for the attraction between terra ponderofa and 
this acid is fo flrong, that the leafb portion of the lat- 
ter will be initantly detected by the lime-water above 
mentioned. The vitriolic acid, Dr Withering ob- 
ferves, is commonly adulterated with a white powder, 
which difcovers itfelf by turning the liquor milky when 
the acid is diluted with water ; and this powder he 
finds to be gypfum, from the following properties : 

1. By repeated boiling in water, fix grains and a 
half were reduced to two. 2. By gentle evaporation 
this folution afforded five grains of cryftals as hard and 
taftelefs as felenite. 3. A precipitate was formed by 
mild foffile alka on adding it to a folution of thei'e 
cryftals in water. 4. On expoling this powder to a 
pretty flrong heat, and then putting it into water, the 
latter became acrid, and acquired the tafte of lime- 
water. 5. The infoluble part Suffered no change by 
boiling in nitrous acid : one half of it mixed with bo- 
rax, and expofed to the blow-pipe npon charcoal, 
melted into glafs ; the other half, mixed with borax, 
and expofed to the blow-pipe upon charcoal, did the 
fame ; whence it appears, fays our author, that the 
greateft part of this fubftance was calx vitriolate or 
felenite ; the remainder a vitriiiable earth. He had 
before found, that the heavy gypfum, or marmor me- 
tallicum, would diffolve in concentrated vitriolic acid, 
but always feparated upon the addition of water ; and 
from his experiments it now appears that felenite does 
the fame. 

Dr "Withering next proceeds to give a fet of expe- 
riments on the heavy gypfum, marmor metallicum of 
Cronltadt, or the Barofelenite of others, already men- 
tioned. The fpecimens he obtained Were from Kil- 
patrick hills near Glafgow, and a fort with fmaller 
cryftals found among the iron ore about Ketley in 
Shropihire, and in the lead-mines at Alfton-Moor. 
He defcribesit as white, nearly tranfparcnt, but with- 
out the property of double refraction ; compofed of 
laminas of rhomboidal cryftals, and decrepitating in 
the fire ; the fpecific gravity from 4.402 104.440. 
The fpecimens we have feen differ confiderably from 
this defcription, being compofed, to appearance, of 
thin laminas ; which all together form a very opaque 
white mafs, which has not the leaft tranfparency un- 
lefs fplit exceffively thin. They are found about three 
miles to the fouthweft of Edinburgh, near Pentland 
hills, and likewife betwixt Edinburgh and Leith. In 
the former place they lie in fmall veins of a rock con- 
filting of a kind of iron ftone, and fo clofely adhering 
to it, that it would feem either that the ftone is con- 
verted into the fpathum ponderofum, or the latter in- 
to the ftone. It is therefore often intermixed with 
the rock fo intimately, that it is impoflible to Separate 
them perfectly from each other. 



Dr Withering having expofed ice grains ef theTerrapun- 
marmor metallicum to a red heat for an hour, in a der °f a » B « 
black crucible, found that it had loft five grains of its ,ts ccm "" 
weight ; but as a fulphureous fmell was perceptible, he % — l^J — / 
fuipected that a decompolition had taken place, and JO 02 
therefore expofed another portion to a fimilar heat in effects of 
a tobacco-pipe, which had no fmell of Sulphur, nor P eat U P 0R 
was it diminilhed in weight. It melted with borax 
into a white opaque glafs, but was barely fulible by I0 gj 
itfelf under the blow pipe. It did not feem to diilblve May be 
in water, nor in any of the acids, except the vitriolic, diflblved m 
when by long boiling it had become very concentrated vei 7 con_ 
and almoft red hot. It then appeared perfectly dif- "on*. 
folved ; but feparated again unchanged on the addi- ac - ^ 
tion of water. On expoling the vitriolic folution to 
the atmofphere for fome days, beautiful radiated cry- 
ftals were formed in it. 1064 

On adding a folution of mild vegetable alkali to this Precipi- 

vitriolic folution, a precipitate appeared; but it con- tatedtrom 

fifted of marmor metallicum unchanged. An ounce u " nchan " 

of it in fine powder was then fufed with tw T o of fait of g€l , J V~ 
•1 • 1 ■ 1 .• 1 1 r <- , getable nx- 

tartar until it ran thin, when lix drachms of arefidu- £ d a \^y u 

urn infoluble in water were left. On the addition of io 65 
nitrous acid, only 52 grains were left, which appeared Maybedc- 
to be marmor metallicum unchanged. On faturating compofed 
the alkaline folution with diltilled vinegar, and wafhing ,n th ^ dr | 
the precipitate, the liquor was found to contain ter- ™ a * jjr* 
ra foliata tartar, formed by the union of the acetous ° 
acid with part of the alkali ; and of vitriolated tar- 
tar, formed by that of the alkali with the native acid 
of the marmor metallicum. IO0 f. 

The fait formed by the nitrous acid Shot readily in- Nitrous fo- 
to beautiful permanent cryftals of a rough bitteriih tafte. lution 
Some of the fait deflagrated with- nitre and charcoal, A 100115 ">*• 
left by wafhing the terra ponderofa very white, capa- ^ c cr V~ 
ble of being burnt into lime, and again forming an in- 
foluble compound with vitriolic acid. An hundred 
grains of aerated terra ponderofa, diflblved in marine 
acid, and precipitated by the vitriolic, were augment- 
ed 17 grains in weight. Hence it appears, IOO _ 

1. That the marmor metallicum is compofed of vi- Aiialyfis 
triolic acid and terra ponderofa. 2. That this com- and proper- 
pound has very little folubility in water. 3. That it ties ° f tn c 
can only be diflblved in highly concentrated oil of vi- marmor 
triol, from which it feparates unchanged on the addi- meta111 " 
tion of water. 4. That it cannot be decomposed in 
the moift way, by mild fixed alkali, though it may be 
fo in the dry. 5. That it may be decomposed by the 
union of inflammable matter to its acid, by which ful- 
phur is formed, though the acid cannot be diffipated 
by mere heat. 6. An hundred parts of this fubftance 
contain 32.8 of pure vitriolic acid, and 57.2 of terra 
ponderofa. The marmor metallicum, our author re- 
marks, may poflibly be ufeful in fome cafes where a 
powerful flux is wanted ; for having mixed fome of it 
with the black flux, and given the mixture a flrong 
heat in a crucible, it ran entirely through the pores 
of the veflel. IOo g 

Dr Withering defcribes two other kinds of this Gauk, a 
fubftance, known by the name of cauk, and found in fubftance of 
the mines of Derbyfhire, and other places. 1 hefe this kind > 
differ from the other only in containing a fmall propor- found in . 
tion of iron. On the whole, he concludes, that " the De ] f ,y ( hir j : 
tetra ponderofa feems to lay claim to a middle place" 1 "*» yn 
betwixt the earths and metallic calces. Like the for- 
U mer- 
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olution of This is effected by mixing powdered Hints with 

alkaline fait, and melting ihe mixture by a ftrong 

The melted mafs deliquates in the air, like 

alkaline falls ; and if the Hint is then precipitated, 

■onus folublc in acids, which it entirely refilled 

bcl 

In this procefs the alkali, by its union with the flint, 
is deprived of its fixed air, and becomes cauftic. To 
this caulticity its folvent power is owing ; and there- 
fore the flint may be precipitated from the alkali, not 
only by acids, but by any fubftance capable of furnish- 
ing fixed air; fuch asmagncfia albaor volatile alkali. 
The precipitate in both cafes proves the fame ; but the 
nature of it hath not hitherto been determined. Some 
have conjectured that the vitriolic acid exifted in the 
flint; in which cafe, the alkali madenfe of in this 
procefs ought to be partly converted into variolated 
tartar. 

The above procefs is delivered on the authority of 
•fthiteardi former chemiftsj but Mr Bergman, who has publiihcd 
denied by a diil'ertaiion on this fubject, aliens that it cannot be 
dilfolved except by the fluor acid. The vitriolic, ni- 
trous, or marine acids, have no effect upon it, even 
\\ hen newly precipitated from the liquor of flints 
1 and ltill wet, and though a thoufand parts of 
acid be added to one of the earth, and boiled upon it for 
an hour : but when three parts of alkaline fait arc 
ilakc melieJ in a crucible with one of quartz, the fait dif- 
"i, ! >n | 1 j Kr f'lves at the fame time about feven hundreth parts of 
its own weight of the clay which compofes the crucible ; 
and the folubility of this has given occalion to the mif- 
take abovementioned. If the fufion be performed in 
an iron vclfel, no foluble part will be obtained, except- 
ing the very fmall portion of clay which the quartz 
tains ; and when this is once exhaufted by an acid, 
no more can be procured by any number of fuiions 
with alka!'. 
Cryftali of -f he fluor acid, he obferves, is never obtained en- 
flint arriti- jjj^jy f rec from liliceous earth, and confequently its 
ju power as a menftruum muft be weakened in propor- 
._' tion to the quantity a contains. In order to oblerve 
man. 6 its folvent power, however, our author, in the year 
1772, put fome quartz, very finely powdered, into a 
bottle containing J of a kanne of fluor acid. The 
c was then (lightly corked, and fet by in the cor- 
ner of a room. Two years afterwards it was exa- 
mined ; and on pouring oat the liquor there were found 
concreted at the bottom of the vr-flel, bclides innume- 
rable fmall prifmatic fpiculae, 13 cryftalsof the lize of 
fmall peas, but moitly of an irregular form. Some of 
thefe refembled cubes, whole angles were all truncated, 
fich as are often found in the cavities of flints. 1 hefe 
were perfect liliceous cryflals, and very hard, but not 
parable with quartz, though they agreed with it 
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tics. « Pollibly (fays he) the length Tranlnui- 

ofacentur) ma} be neceflary tor them to acquire, bj t - ition . of 

exliccation, a lufficient degree ol hardnels. The **"**"?• 

tn itfelf, as far as the liquor had reached, v as '"\ { [{IL in 

found covend with a very thin liliceous pellicle, which a ' tu i,. 

was fcarcely vilible, but feparated on breaking the « * — ■* 

bottle. It was extreme!} pellucid, flexible, and nam- 
ed prifmatic colours. 1 befe phenomena Qiow that 1073 
much liliceous matter is dilfolved and fulpended." (in Why the 
the nuor acid). " Whether any of the quai tz was ,1ll " r ac " 1 
taken up in this experiment is uncertain; butitap-^lrf 
pears probable that little or none was dilfolved ; lince, flillt j;_ 
by the help of heat during the diltillation, the acid redly, 
had previoufly taken np fo much filiceous earth, that 
upon llow evaporation it was unable to retain it. 
Hence appears the origin of the cryflals and the pel- 
licle ; and hence appears the caufe which impedes the 
action of fluor acid upon flint ; namely, that the acid 
obtained in the ordinary way is already faturated with 
it. 1074 

The volatile alkali precipitates filiceous earth moft Siliceous 
completely from fluor acid : and thus we find, that one carth mo & 
part of it is contained in 600- of the acid, diluted to coni P lcte, y 
fuch a degree, that its fpecific gravity is only 1.064. edbyvola- 
7 his precipitate has all the properties of pure flint ; tile alkali. 
but that precipitated either by vegetable or mineral 1075 
fixed alkali does not afford a pure filiceous earth, but A triple 
a peculiar kind of triple fait, formed of the earth, falt formcd 
fluor acid, and fixed alkali, which diflblves, though b . y ***¥" 

• 1 j-/rr 1 /- • 11 1 1 tlon With 

with dilhculty, in warm water, efpecially the earth fi xc dalkali. 
procured by vegetable alkali, but is ealily decompofed 
by lime-water and lets fall the mineral fluor regene- 
rated. 1076 

Fixed alkaline falts attack this earth by boiling, but Siliceous 
not unlefs it be reduced to very fine powder, and new- eartn dii " 
ly precipitated from the liquor. Oil of tartar per de- f '.^ bv 
liquium takesup about one-fixth of its weight, and the f^u't'i'on of 
liquor becomes gelatinous on cooling, though at firft alkali. 
diluted with 16 times its weight of water. This fo- 
lution is effected only by the cauftic part j for when 
fully faturated with fixed air, it cannot enter into any 
union with it. Volatile alkali, even though cauftic, 
has no effect. IO y. 

The attraction betwixt filiceous earth and fixed al- Has a re- 
kali is much more remarkable in the dry way ; for markable 
thus it melts with one half its weight of alkali into an attra # ion 
hard, firm, and tranfparent glafs, the aerial acid and j, or u '" thc 
water going off in a violent effervefcence. In pro- ry Way " 
portion as the alkali is increafed, the glafs becomes 
more foft and lax, until at laft it diflblves totally in 1078 
w r ater, as has been already mentioned. The filiceous Is very rare 
matter thus precipitated is of a very rare and fpongy and *P on gy 
texture, and fo much fwelled by water, and its bulk wh . cnp '. e " 
when wet is at leaft twelve times greater than when"^ 1 
dry ; nor does it contract more though fuftered to re- 
main a long time in thc water. Hence it is eafy to 
reduce the liquor of flints to a jelly, by diluting it 
with four or eight times its weight of water, and ad- 
ding a fufKcient quantity of precipitate ; but if an over- 
proportion of waicr be ufed, for inftance, 24 times,,,, 1079 , 
thc weight, theliqnorwill then remain limpid though not fome^" 
we add as much acid as is fuliicient for faturating the times be 
alkali. The reafon of this Mr Bergman fuppofes to precipiu- 
be, that the filiceous particles arc removed to fuch a tcJ l,v ■" 

diltancc from one another, that they cannot overcome acid w,th 
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the fri&ion they muft necefTarily meet with in their 
palfage downwards through the fluid ; but if" the li- 
quor be boiled, which at once diminishes its quantity 
and tenacity, the iiliceous matter is inftantly fepara- 
ted. 

Liquor of flints is alfo decompofed by too great a 
quantity of water; for by this the efficacy of the men- 
ftrnum is weakened, and it is alfo partly faturated by 
the aerial acid contained in the water. A precipitate 
alfo falls when the fluor acid is made ufe of ; the rea- 
fon of which is the fame as the precipitation by other 
acids : in this cafe, however, the alkali makes part of 
the precipitate, as has been already obferved; and there- 
fore the matter which falls is fulible before the blow- 
pipe, and foluble in a fufficient quantity of water. 

§ 3. Of Phosphoric Earths. 

These are fo called from their property of mining 
in the dark. The moil celebrated and anciently known 
of this kind is that called the Bolognian ftone, from 
Bologna, a city in Italy, near which it is found. The 
difcovery, according to Lemery, was accidentally made 
by a flioe-maker called Vbtcenzo Cafciaro/o, who ufed 
to make chemical experiments. This man, having 
been induced to think, from the great weight and luftre 
of thefe ftones, that they contained lilver, gathered 
fomc, and calcined them ; when carrying them into a 
dark place, probably by accident, he obferved them 
mining like hot coals. 

Mr Margraaf defcribes the Bolognian ftone to be 
an heavy, foft, friable, and cryflallized fubflance, in- 
capable of effervefcence with acids before calcination 
in contact with burning fuel. Thefe properties feem 
to indicate this ftone to be of a felenitic or gypfeous 
nature. 

When thefe ftones are to be rendered phofphoric, 
fuch of them ought to be chofen as are the cleaneft, 
befl cryflallized, molt friable and heavy ; which ex- 
foliate when broken, and which contain no heteroge- 
neous parts. They are to be made red hot in a cru- 
cible ; and reduced to a very fine powder in a glafs- 
mortar, or upon a porphyry. Being thus reduced to 
powder, they are to be formed into a pafle with mu- 
cilage of gum tragacanth, and divided into thin cakes. 
Thefe are to be dried with a heat, which at laft is to 
be made pretty conliderable. An ordinary reverbe- 
rating furnace is to be filled to three quarters of its 
height with charcoal, and the fire is to be kindled. 
Upon this charcoal the flat furfaces of the cakes are 
to reft, and more charcoal to be placed above them, 
fo as to fill the furnace. The furnace is then to be 
covered with its dome, the tube of which is to remain 
open ; all the coal is to be confumed, and the furnace 
is to be left to cool ; the cakes are then to be cleanfed 
from the afhes by blowing with bellows upon them. 
When they have been cxpofed during fome minutes 
to light, and afterwards carried to a dark place, they 
will Item to Ihinc like hot coals; particularly if the 
pcrfon obfervingthem has been fome time in the dark, 
or have mat his eyes, that the pupils may be fufficient- 
ly expanded. After this calcination through the coals, 
if the flones be expofed to a ftronger calcination, du- 
ring a full half hour, under a muffle, their phofphoric 
quality will be rendered ftronger. 



From attending to the qualities of this ftone, and Phofpliync 
the requiiites for making this phofphorus, we are na- earths. 
rurally led to think, that the Bolognian phofphorus is Jc g"I 
no other than a compolition of fulphur and quicklime. Analyiisof 
The ftone itfelf, in its natural ftate, evidently contains the phof- 
vitriolic acid, from its not effervefcing with acids ofphoru*. 
any kind. This acid cannot be expelled from eaithy 
fiibftances by almoft any degree of fire, unlefs inflam- 
mable matter is admitted to it. In this cafe, part of 
the acid becomes fulphureous, and flies off"; while part 
is converted into fulphur, and combines with the earth. 
In the abovementioned procefs, the inflammable mat- 
ter is furnilhed by the coals in contact with which the 
cakes are calcined, and by the mucilage of gum tra- 
gacanth with which the cakes are made tip. A true 
fulphur muft therefore be formed by the union of this 
inflammable matter with the vitriolic acid contained 
in the ftone ; and part of this fulphur muft remain 
united to the earth left in a calcareous ftate, by 
the dilfipation, or cbnverfion into fulphur, of its 

acid - 1084 

In the year 1730, a memoir was publifhed by Mr Allcalca- 
du Fay ; wherein he aflerts, that all calcareous ftones, reousftones 
whether they contain vitriolic acid or not, are capa- phofpho- 
ble of becoming luminous by calcination : with this " c ' acc< ^" 
difference only, that the pure calcareous ftones require , in £ to x 
a ftronger, or more frequently repeated, calcination to 
convert them into phofphorus; whereas thofe which 
contain an acid, as felenites, gypfum, fpars, &c. be- 
come phofphoric by a flighter calcination. On the 
contrary, Mr Margraaf aflerts, that no other ftones 
can be rendered phofphoric but thofe which are fatu- 
rated with an acid; that purely calcareous ftones, fuch 
as marble, chalk, limeflone, ftalactites, ire. cannot be 
rendered luminous, till faturated with an acid previ- 
oufly to their calcination. 

We have already taken notice, that the compounds 
formed by uniting calcareous earths with the nitrous 
and marine acids become a kind of phofphori ; the 
former of which emits light in the dark, after ha- 
ving been expofed to the fun through the day; and I0 g, 
the latter becomes luminous by being ftruck. Signior Signior 
Beccaria found, that this phofphoric quality was ca- Beccaria's 
pable of being given to almoft all fubftances in na- "bferva- 
ture, metals perhaps excepted. He found that it Uon ' 
was widely diffufed among animals, and that even his 
own hand and arm poflelfed it in a very conliderable %, 

degree. In the year 1775, a treatife on this kind of MrWU- 
phofphori was publifhed by B. Wilfon, F. R. S. and Wsexpc- 
member of the Royal Academy at Upfal. In thistrea- riments. 
tile he mows, that oyfter-fhells, by calcination, ac- 
quire the phofphoric quality in a very great degree, 
either when combined with the nitrous acid or with- 
out it. 

The flrft experiment made by our author was the 
pouring fome aquafortis, previoully impregnated with 
copper, on a quantity of calcined oyfter-fhells, fo as 
to form them into a kind of pafle; he put this paflc 
intoa crucible, which was kept in a pretty hot fire for 
about 40 minutes. Having taken out the mafs, and 
waited till it was cool, he prefented it to the external 
light. On bringing it back fuddenly into the dark, he 
was furprifed with the appearance of a variety of co- 
lours like thofe of the rainbow, but much more vivid. 
In confequence of this appearance of the prifmatic 
U 2 colours, 
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n, he repeated the experime ways, 

. I 1.1C- 

1 - ' : i tallic rotations, with the different acids, al- 

withfolphur, char- 
. and other inflammable fubftances , and by all ot 

phori, which emitted vanoully 

oloured ii. 

NN J, ; i s mor < .. ' , he found that oylter- 

< fled the phofphoric quality in a furprihng dc- 

»fe nothing more was requilite 
than mining them into a good lea-coal lire, and keep- 
. tin there for ionic time. On fcaling off the m- 
I vcdowiih ratface of each Qiell, they become ex- 
cellent phofphori, and exhibit the moft vivid and beau- 
As we know that neither the vitriolic 
nor any other acid is contained in oyfter-fhells, we can- 
not as yet fay any thing fatUfaftory concerning the na- 
ture of this phofphorus. 
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§ 4. Of the Vegetable Earth. 

This is produced from vegetables by burning, and, 
when perfedlj pare, by lixiviating the ames with wa- 
ter, to extract the (alt; and then repeatedly calcining 
them, to burn out all the inflammable matter; and is 
perhaps the lame from whatever fcibftancc it is ob- 
tained : in this ftate, according to Dr Lewis, it 11 of 
the fame nature with magnef*. In the ftate, how- 
ever, in which this earth is procurable by limply burn- 
in r the plant, and lixiviating the alhes, it is conlide- 
rably different, according to the different plants from 
which it is obtained. The alhes of mugwort, fmall 
centaury, chervil, and dill, are of a brownith grey ; 
Croat's beard and lungwort afford white allies , thole or 
fanicle are whitifh; thofe of Roman wormwood of a 
E reenilh grey ; thofe of rue, agrimony, iaxifrage 
brown; thofe of tanfev, of a dulky green; thole of 
dodder, of a fine green; eyebright, fouthern-wood, 
common wormwood, and fcabious, afford them grey ; 
fcurvy-grafs, of a whitifh grey ; hyflbp, yarrow, and 
rowbane", of a dulky grey; melilot, and oak-leaves, 
as alio plantain, colts-foot, pine-tops, and fumitory, 
of a dulky brown ; penny-royal, of a pale brown 
With forae fpots of white ; cider-flowers fage, and 
mother ol thyme, afford yellow allies ; thofe of ftraw- 
berry-leaves are of a pale brimftone colour; thole of 
car-mint, of a dulky red ; of prunella brick-coloured; 
of honev-fuckle, blue; of fern, blackifh ; and thofe of 
St John's wort, feverfew, origanum, and pimpernel, 
all of a deep black. The only ufe to which this 
kind of earth has yet been put, is that of glafs-making 
and manure. 

Sect. III. Cf Metallic Subflanccs. 

§ 1. Gold. 

This metal is reckoned of all others the moft 
perfect and indefinable. When in its greateft pun- 
fv, it has very little elafticity, is not fonorous its co- 
lour is yellow, it is exceedingly loft and flexible, and 
is more dingle than any other metal .whatever (See 
GotvLcaf, and Wire-Drawing.) Of all bodies t 
is the moil ponderous, except platina ; its gravity be- 
ing to that of water, according to Dr Lewis, asi 9 ,28o, 



1,290, to one. For its fufion it requires a low d< - 
1 white heat, fomewhat greater than that in 
which Giver melts. \\ hilft fluid, it appears of a bluifh 
green coUuir ; when cold, its furface looks fmooth, 
bright, and confiderably concave : it fecms toex] 
more in the ad of fbiion, and to Ihrink more in 1 
turn to folidity, than any of the other metals ; whence 
the greater concavity of its furface. Before fuli 
expands the lealt of all metals, except iron. By lud- 
den cooling it becomes, as well as other metals, brittle ; 
which effect has been crroneoully attributed to the con- 
tact of fuel during fulion. 

Gold amalgamates very readily with mercury, and 
mingles in fulion with all the metals. It is remark- 
ably difpofed to unite with iron ; of which it diffolves 
many times its own weight, in a he at not much greater 
than that in which gold it fell" melts ; the mixture is of 
a lilver colour, very brittle and hard. All the metals, 
except copper, debate the colour of gold ; and, if their 
quantity is nearly equal to that of the gold, almolt en- 
tirely conceal it. 

The malleability of gold is impaired by all the me- 
tals, but Ids by copper and lilver than any others. 
Tin lias had a remarkably bad character in this re- 
fect! j and it has been a received opinion among me. 
tailirgiits, that the fnullcii quantity ot this metal en- 
tirely deftroys the ductility of gold; and Dr Lewis 
tells us, that " the moll minute peirtion of tin or lead, 
and even the vapours which rile from them Hi the fire, 
though not fufficient to add to the gold any weight 
fenliblc on the tendered balance, make it fo brittle, 
that it flies to pieces under tht hammer." On fo re- 
fundable an authority, this continued to be believed 
as an undoubted ,.it, until, in the year 1784, a pa- 
per appeared in the Philofophical Tranfaclions by Mr 
Alchorne of the mint : in which it was clearly difpro- 
ved by the following exp 

1. Sixty Troy grains D v, ere put into 12 
ounces of pure gold in fu, which the mix- 
ture was call into a mould producing a Hat 
bar an inch wide, and an eight of an inch thick. 
The bar appeared found and good iuffered flatting 
under the hammer, drawing feveral times between a 
pairoflteel-rollers, and cutting into circular pieces of 
near an inch diameter, which bore ltamping in the 
money-prefs by the ufual ftroke, without (howiag the 
leaft brittlenefs, or rather with much the fame du&i- 
lity as pure gold. 

2. With 90 grains of tin the bar was fcarce diftin- 
guilhable from th« former. 

3 3. With 120 grains it was rather paler and harder ; 
and on drawing between the rollers the edges were a 
little difpofed to crack. 

4. With 140 grains, thcpalenefs, hardnefs, anddif- 
polition to crack, were evidently increafed ; neverthe- 
lefs it bore every other operation, even ftamping under 
the prefs, without any apparent injury. 

c. With an ounce of tin the bar was lead-coloured 
and' brittle, fplitting into feveral pieces on the firft 
palflng between the rollers. 

6. A fmall crucible filled with flandardgold J ; fine, 
was'placed in a larger one, having in it an ounce of 
melted tin. The whole was covered with a large cru- 
cible inverted, in order to direct the fumes of the tin 
downward upon the gold. The metals were kept in 

fuiiou 
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fufion for half an hour, during which time a full quar- 
*■ — * ' ter of the tin was calcined ; yet the gold remained al- 
together unchanged. 

7. The mixture of gold and tin produced in exp. 1. 
was melted a fecond time in a ftronger fire than at firrt, 
and kept in fulion for half an hour ; during which 
time fix grains of weight were loft, but the gold re- 
1094 mained equally perfect as before. 
Nor by the 8. and 9. The mixtures of exp. 2. and 4. viz. 90 
addition of an( ] l ^ g ra i us to 1 2 ounces of gold, were re-melted 
cepper. feparately, and an ounce of copper added to each. 
On being caft as ufual, they bore all the operations of 
maufacluring as before, though feniibly harder. The 
laft cracked at the edges as it had done without the 
copper, but bore cutting rather better than in its for- 
mer rtate. 

10. and 11. A quarter of an ounce of the laft mix- 
ture, being tin 140 grains, and copper an ounce, and 
gold 12 ounces, with as much uf the bar from expe- 
riment 3. conhfting of T40 grains of tin to 12 ounces 
of gold, were each melted by a jeweller in a common 
fea-coal fire, into fmall buttons, without any lofs of 
weight. Thefe buttons were afterwards forged into 
fmall bars, nealing them often with the flame of a 
lamp, and afterwards drawn each about twenty times 
through the apertures of a ftecl plate, into line wire, 
with as much eafe as coarfe gold commonly palles the 
like operation. 

12. Sixty grains of tin were added to 12 ounces of 
ftandard gold 11 fine ; and the compound paifcd every 
one of the operations already defcribed, without mow- 
ing the leaft alteration from the tin. 

Several other trials were made with different mix- 
tures of copper, tin, and filver, with gold, even as 
low as two ounces and a half of copper, with half an 
ounce of tin, to twelve ounces of gold ; all of which 
bore hammering and flatting by rollers to the thinnefs 
of ft iff paper, and afterwards working into watch- 
cafes, cane-heads, &c. with great eafe. They grew 
more hard and harm indeed in proportion to the quan- 
j O0 j tily of alloy ; but not one of them had the appear- 
Malleabili- anceof what workmen call brittle gold. Mr Alchorne 
ty of gold therefore is of opinion, that when brittlenefs has been 
deftroyed occafioned by the addition of tin to gold, the former 
by regulus fas been adulterated with arfenic ; as he has found, 
e ai emc. ^^ ^ adding 12 grains of regulus of arfenic to as 
many ounces of fine gold, the compound has been ren- 
dered altogether unmalleable, 

When gold is ftruck during a certain time by a 
hammer, or when violently comprefTed, as by the wire- 
drawers, it becomes more hard, elaftic, and lefs duc- 
tile ; fo that it is apt to be cracked and torn. Its duc- 
tility is, however, reftored by the fame means ufed 
with other metals, namely, heating it red hot, and let- 
ting it cool flowly. This is called annealing metals ; 
1096 and gold feems to be more affected by this operation 
Surprifing than any other metal. The tenacity of the parts of 
tenacity of gold is alfo very ftirprifing ; for a wire of T ' v of an 
s parts. j| nc j 1 j n di anie ter will fupport a weight of 500 pounds. 
Gold is unalterable by air or water. It never con- 
tracts ruft like other metals. The action of the fier- 
ceft furnace-fires occafions no alteration in it. Kunc- 
kel kept gold in a glafs-houfe furnace for a month, 
and Boyle kept fome expofed to a great heat for a 
ftill longer time, without the lofs of a lingle grain. 
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It is faid, however, to be diflipable in the focus of a 

large burning mirror. »— — ^ „ 

Mr Boyle relates a very curious and extraordinary Mr B y le > 8 
experiment, which he thought was fufficient to prove experi- 
the total deftrudtibility of gold. About an eighth part ments for 
of a grain of powder, communicated by a ftranger, thededruo 
was projected upon two drachms of hue gold in hi- tibility of 
(ion, and the matter kept melted for a quarter of£ old - 
an hour. During the fuiion, it looked like ordi- 
nary gold ; except only once, that his affiilant ob- 
fcrved it to look exactly of the colour of opal. When 
cold, it was of a dirty colour, and, as it were, over- 
cart with a thin coat, almoft like half- vitrified litharge : 
the bottom of the crucible was overlaid with a vitri- 
fied fubltance, partly yellow, and partly reddiih brown ; 
with a few fmall globules, more like impure filver than 
gold. The metal was brittle, internally like brafs or 
bell-metal ; on the touchftone more like filver than 
gold : its fpecific gravity was to that of water only 
as 1 5* to 1. There was no abfolute lofs of weight. 
By cupellation, 6ograins of this mafs yielded 53 grains 
of pure gold, with feven grains of a ponderous, fixed, 
dark-coloured fubftance. I0 

We have already mentioned, that in certain cir- Solution in 
cumrtances gold is foluble in the nitrous and marine aqua-rtgia. 
acids feparately. It is, however, always foluble by 
the tW9 united, but dilfolves flowly even then. The 
mod commodious method of obtaining this folution 
is, by putting the gold, either in leaves, or granulated, 
or cut into fmall thin pieces, into a proper quantity 
of aquafortis ; then adding, by degrees, fome powder- 
ed fal ammoniac, till the whole of the gold is diflol- 
ved. By this means a much fmaller quantity of the 
menftruum proves fufficient, than if the fal ammoniac 
was previoufly dilfolved in the aquafortis ; the conflict, 
which each addition of the fait raifes with the acid, 
greatly promoting the diflblution. Aquafortis of mo- 
derate ftrength will, in this way, take up about one- 
third of its weight of gold ; whereas an aqua-regis, 
ready prepared from the fame aquafortis, will not take 
up above one-fifth its weight. Common fait anfwers 
better for the preparation of the aqua.regis than fal 
ammoniac. 

This folution, like all other metallic ones, is corro- p r0 per t ° es 
five. It gives a violet colour to the fingers, or to any of the folu- 
animal matters. If the folution is evaporated and tion. 
cooled, yellow tranlparent cryftals will be formed: 
but, if the evaporation is carried too far, the acids 
with which the gold is combined may be driven from 
it by heat alone ; and the gold will be left in the 
ftate of a yellow powder, called calx of geld. II0 , 

Gold may be precipitated from its folution by thofe Gold prc- 
fubftances which commonly precipitate metals, fuch cipitated 
as alkaline falts and calcareous earths. It may alfo from it, 
be precipitated in a fine purple powder, by tin or its 
folution. 

When fixed alkalies are made ufe of, the precipi- 
tate weighs about one-fourth more than the gold em- 
ployed. With volatile alkalies alfo, if they are added 
in no greater proportion than is fufficient to faturate 
the acid, the quantity of precipitate proves nearly the 
fame: but if volatile fpirit is added in an over- pro- 
portion, it rediflolves part of the gold which it had 
before precipitated, and the liquor becomes again con- 
liderably yellow. The whole of the precipitate, how- 
ever. 
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not he rediuolred, cither by the mild or 

y li ; nor d leuiibly 

an precipitates of gold 
' bad b< ( 1 igbly edulcorated with boiling 

. 
All the metallic bodies which diflblve in aqua-regia, 
Mercury and copper throw 
Id in its bright metalline form; the 
others, in that 1 .\dcr, which has no mc- 

>f iron, though it precij 
. vet has no effect upon any other metal j hence 
• >rds an eafy method of fcparating gold from all 
other metals. The precipitation with tin fuccceds 
certainly only when the metal in fubftance is ufed, 
and the folution of gold largely diluted with water. 
It is obfervable, that though the gold is precipitated 
from the diluted folution by tin, yet, if the whole is 
fu tiered to Itaud till the water has in a great meafure 
exhaled, the gold is taken up afrclh, and only a white 
calx of till remains. 

Gold precipitated from its folution in aqua-rcgia 
explodes by heat with much greater violence than any 
other fubftancc in nature. This property was known 
in the 15th century ; but whether the ancient alche- 
milts knew any thing of it or not, is a matter of un- 
certainty. Ball I Valentine firft gave any diftinct ac- 
count of it. He directs the gold to be dillblved in 
leutine'sdi- aqua-regia made with fal ammoniac, and then preci- 
r^honsfor mt;ut . L | by vegetable fixed alkali, to be twelve times 
'" warned with water, and laftly dried in the open air, 
where the fun's rays cannot reach it. He forbids it 
to be dried over a fire, as it explodes with a gentle 
heat, and flics off with inconceivable violence. 

Succeeding chemiils have performed this operation 
with fome little differences; but the ncceflity of cm- 
ploying volatile alkali was but little regarded till the 
beginning of the prefent century. 

The c.dx of gold is always fomewhat increafed in 
Utile alkali weight bv being converted into aurum fulminans ; but 
but lately authors are not agreed about the quantity of augmen- 
known. (anon. Becher makes it heavier by one-fifth part ; 

, l V c Lemcry by one-fourth ; and Tuncker by one-fourth. 
tie of ... j J , , • J , , • 1 -i 

, ht All agree, however, that it explodes with a violence 

M gold by almoft inconceivable. Crollius relates, that 20 grains 
being chan- of this powder explodes with more force than half a 
ged into n >U nd of gun powder, and exerts its force downwards, 
aurum ful- rJkougb M. Te\ kneyer frequently fliowed in his lec- 
m ' uns -, tures that it would throw a florin upwards above fix 
Prodieioui clls - A £ rcat number of experiments were made be- 
bre the Royal Society at London, in order to deter- 
u mine the comparative forces of thefe two powders. 
Equal parts of gunpowder and aurum fulminans were 
included in iron globes placed among burning coals; 
which contained the former burlt with great vio- 
lv.it the globes containing the aurum fulminans 
remained per, it. But though no explolion 

place in clofe veflels, the uimoft caution is ne- 
tting this fubftance in the open air ; e- 
I ■ when it is fubje&ed to friction, or to a flight 

r fuch is the nature of the calx we 

. of, that it is not neceilary, in order to caafe it 

h it with an ignited fubftance, or to 

it red-hot. The heat reqnifite for this purpofe 

» Dr Lewis, intermediate between that 

- of 1 - heat which makes metals of 
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anobfeure red. With frktion, however, it feems Hill 
more dangerous ; for in this cafe it explodes w i 1 h what 
we ihould think fcarcc fufficient to communicati 

ee of heat whatever. Orfcbal relates, that this 
powder ground in a jafper mortar, exploded with Inch 

violence as to burlt the vcllel in a thoufand pieces ; 
Dr Lew isgh tsaninltance of a iimilarkind in England ; 
and Dr Birch tells us of doors and widows torn to 

pieces by the violence of this exploiivc matter. Mr 
Macquer relates the following accident to which he 
was witnefs. " A young man, who worked in a la- 
boratory, had put a drachm of fulminating gold into 
a bottle, and had neglected to wipe the inner furfacc 
of the neck of the bottle, to which fome of the pow- 
der adhered. When he endeavoured to clofe the bot- 
tle, by turning round the glafs Hopper, the friction 
occalioned an explolion of part of the powder. By 
this the )oung man was thrown fome fteps backward, 
his face and hands wounded by the fragments of the 
bottle, and his eyes put out ; yet, notwithftanding 
this violent cxplofion, the whole drachm of fulmina- 
ting gold certainly did not take fire as much of it 
was afterwards found Scattered about the labora- 
tory." 

It has already been mentioned, that fome imagine the 
force of this explolion to be directed downwards ; but 
Dr Lewis is of opinion that it is equally directed every 
way. Certain it is, that the quantity of from 10 to 
12 grains of aurum fulminans, exploded on a metalline 
plate, lacerates it ; a fmaller quantity forms a cavity, 
and a flill fmaller only fcratches the furfacc ; effects 
which are never produced by gunpowder in ever fo 
large a quantity. A weight laid upon the powder is 
thrown upwards in the moment of explolion. If it 
be of lilver or copper, this weight is marked with a 
yellow i 111 fpot, as the fupports will alfo be, if made 
of either of thefe metals. A large grain, fays Mr 
Bergman, brought near to the lide of the flame of a 
candle, blows it out with great noife ; and a few oun- 
ces exploding together by incautious drying, has been 
known to matter the doors and windows of the apart- 
ment : hence it is evident, that aurum fulminans ex- 
erts its force in all directions ; yet it cannot be de- 
nied, that it ftrikes bodies with which it is in contact 
more violently than thofe which are at a fmall dis- 
tance, though in its vicinity : thus, if a fmall portion 
of it explodes in a paper box, it lacerates only the bot- 
tom, unlefs the top be pre lied down clofe, in which 
cafe it perforates both the top and bottom. When 
carefully and gradually exploded in a glafs phial or a 
paper box, it leaves a purple foot, in which arc found 
many particles of mining gold ; and if the quantity 
exploded be large, fcveral grains remain totally un- 
changed, as it is only the lowcrmoft ftratum that is 
inflamed. 

Aurum fulminans, when moift, does not explode at 
all: but as it dries, the grains go off in fucccllion like 
the decrepitation of common fait. — In glafs veflels 
clofed, or with their mouths immerfed in water, it 
explodes, but with a very weak report. An elaflic 
vapour, in the quantity of feven inches, from half a 
drachm of the powder, broke forth in the moment of 
explolion, which, by our author's account, feems to 
be phlogifticated air. In metallic veflels fufficiently 
flrong, the gold is filently reduced when they arc per- 
fectly 



1 1 11 

'e» 
readily by 

II ii 
[nftancei of 
it. mifebie* 



111,1 
Force of 
the cxplo- 
fion is not 
dircfifed 
entirely 
down- 
wards. 



lira 

F.xplofion 
of moift 
auruni fuU 
mu.ans. 



Pra&ice. 



C H E M 



i"5 
Caufe of 
this explo- 
fion attri- 
buted to a 
faline prin- 
ciple. 

1116 
This opi- 
nion fhown 
to be erro- 
neous by 
Mr Berg- 
man. 



Gold fectly found ; but if they have any very fmall chinks in 
"^ ■* them, the vapour makes its way through them with 
a hilling noife. 

The caufe of this extraordinary explofive force of 
gold has been attributed chiefly to a faline principle, 
viz. The combination of nitrous acid with volatile al- 
kali ; and this opinion has been fupported by an af- 
fertion, that the fulminating property is deftroyed by 
treating the calx with vitriolic acid or with fixed al- 
kali ; the former expelling the nitrons acid, and the 
latter diilengaging the volatile alkali. Mr Bergman 
allows that fixed alkali deftroys the fulminating pro- 
perty ; but affirms, that it ads only by feparating the 
particles when the two are triturated together; and 
this might be done by many other fabltances as well 
as fixed alkali : But when the alkali, inftead of being 
triturated in the dry way with the calx, was boiled in 
water along with it, the explolion not only took 
place, but was much more violent than ufual. It 
mull be obferved, however, that heat alone deftroys 
the fulminating property of this calx ; and therefore, 
if the alkaline folution be made too flrong, the addi- 
tional heat which it then becomes capable of fuftain- 
ing, is fufficient to deprive the calx of its fulminating 
property. The cafe is the fame with the vitriolic 
acid ; for this has no effect upon the calx, either by 
digeftion in its concentrated ftate, or by boiling in its 
diluted ftate. If it be boiled in its concentrated ftate 
indeed with the fulminating calx, the heat conceived 
by' the acid is fufficient to deftroy the fulminating 
property of the former ; and in like manner, unlefs 
the calx be in fome meafure deftroyed, or reduced to 
its metallic ftate, it can never be deprived of its ful- 
minating property. 

It was further proved, that the fulminating pro- 
minans can perty did not depend on the prefence either of nitrous 
or marine acids, for it can be made without them. A 
calx of gold, not fulminating, dilTolved in vitriolic 
acid, and precipitated by caultic volatile alkali, had 
acquired this property. A folution of the fame calx 
in nitrous acid, let fall a precipitate by the addition 
of pure water ; and this precipitate edulcorated, and 
digefted with volatile alkali, fulminated as if it had 
been originally precipitated with that alkali. The ex- 
periment was repeated on the other non- fulminating pre- 
cipitates with the fame fuccefs. Left any fufpicion, 
however, mould remain, that a fmall quantity of aqua- 
regia might ftill be left, which, by combining with 
the volatile alkali, would make a proportionable quan- 
tity of nitrum flammans, the precipitate was digefted 
24 hours in vitriolic acid, then warned in pure water, 
and immerfed in aqueous and fpirituous folutions of al- 
kali, both mild and cauftic ; but the event was the 
fame. Laftly, an inert calx of gold may always be 
made to fulminate by digefting it with volatile alka- 
li ; nor can this property be communicated to it by 
any means without the ufe of this alkali. 

It has been fuppofed by fome very eminent chemifts, 
among whom we may number Dr Black, that fixed 
air is the caufe of the fulminasion of gold : but it is 
evident that this cannot be the cafe: becn'fe, 1. Gold 
fulminates as well when precipitated by the cauftic 
volatile alkali, as by that which contains fixed air, 
2. This metal does not combine, during precipitation, 
with fixed air. 3. Gold, when precipitated by mild 
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fixed alkali, does not fulminate, unlefs the menftruum 
contain volatile alkali. 

The fulminating calx of gold may be prepared ei- 
ther with the compound aqua-regia of pure nitrous and 
marine acids ; of pure nitrous acid and fal ammoniac ; 
or of a compound of alum, nitre, and fea-lalt. Y\ hen Men ft r u_ 
this kind of liquor is made ufe of, the acid of the um fl ne 
alum expels the other two, and thus forms an aqua- flrepitu. 
regia. This was formerly called menftruum fine flrepi- 
tu. By whatever method the gold is dilfolved, it al- 
ways affords a yellow calx with alkalies, but the vo- 
latile alkali molt readily throws down the metal. De- 
phlogifticated fpirit of fait very readily diflblves gold, 
and produces a fulminating precipitate as well as aqua- 
regia. 1 120 

We fhall conclude this account of aurum fulminans Mr r.erg- 
withan abftract of Mr Bergman's theory of the ex- man's the- 
plofion. — He obferves, that volatile alkali contains 01 7 of £ ne 
phlogifton ; an undoubted proof of which is given by ^ u e ° , » 
Dr Prieftley, by coverting alkaline into phlogifti- 011< 
cated air. This phlogifton, fays he, may be fepara- 
ted by means of a fuperior attraction ; fo that the vo- 
latile alkali is decompofed, and the reliduum diflipa- 
ted in form of an elaftic fluid, altogether fimilar to 
that which is extricated during the fulmination : the 
fource then from whence the elaftic fluid is derived 
mult be obvious ; and it only remains to examine the 
medium by which the volatile alkali is dephlogiftica- 
ted. 

' In thofe metals which are called pcrfeft, fo great 
is the firmnefs of texture, and fo clofe the connec- 
tion of the earthy principle with the phlogifton, that 
by means of fire alone thefe principles cannot be dif- 
united: but when dilfolved by acid menftrua, they 
mult necelfarily lofe a portion of their phlogifton ; and 
therefore, when afterwards precipitated by alkalies 
which cannot fnpply the lofs, they fall down in a cal- 
cined ftate, though they attract phlogifton fo ftrong- 
ly, that they can be reduced to a metallic ftate, 
merely by an intenfe heat penetrating the veffels. It 
may therefore be laid down as a fundamental pofition, 
that gold is calcined by folution. JJ2J 

" Let us now confider the confequence of expo- Volatile ai- 
ling the powder confifting of calx of gold and volatile kali the 
alkali intimately united, to an heat gradually increa- caufe of the 
fed. The calx which is united with the volatile al- ex P louon - 
kali, by the affiftance of a gentle heat, feizesits phlo- 
gifton ; and when this is taken away, the reliduum 
of the fait is inftantaneoufly expanded into the form 
of an elaftic fluid, which is performed with fo much 
violence, that the air muft yield a very acute found." 1J22 

Our author proceeds to explain this phenomenon Volatile al- 
upon the principles affumed by him and Mr Scheele, kali exhi- 
of heat being a compofition of light, and the phlo- bits 
gifton or principle of inflammability; but as this hy- a ? afil 
pothefis is by no means fatisfa&ory, we fhall omit ^ r en • 
his reafoning founded upon it : That the volatile alkali, t0 a hot' 
however, is really capable of producing a flafh is eafily crucible, 
proved, becaufe it exhibits one when thrown into a 
hot crucible. A iingle cubic inch of gun-powder ge- r II23 
nerates about 244 of elaftic fluid ; but the fame quan- qwitxt of 
tity of aurum fulminans yields at leaft four times as elaftic fluid 
much ; and hence we may eafily underftand the dif- produced 
ference in their explofive force. by aurum 

" That careful calcinations ihould deitroy the f u i. fulminans. 
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the materials, and of the operation. Thus the licat, 
when iufcrior to that neceuary tor fulmlnation, acts 
Bpon both thr principles ol the auruin fulminans, it 
prepares the metallic calx for a more violent attrac- 
for pblogiiton ; it alio acts upon the phlogifton 
of l he volatile alkali, and lellens its connection ; which 
two circumitanccs moil tend to the union producing 
the explofion. But this effect has a maximum ; and at 
this period the flighted; friction fupplics the delect of 
neccliary heat, and produces the fulminaiiou. The 
calcined gold alio fecms to collect and lix the matter 
of heat, though IT ill infufRcicnt by means of its phlo- 
gifton, in a certain degree ; fo that by means of fric- 
tion, though but very (light, it becomes capable of 
exerting its force ; but when the heating is ofea repea- 
ted without procuring its effect, the volatile alkali is 
by degrees diflipated, and at length fo much diminilh- 
cd that the calx becomes inert. 

" But ifaurum fulminans is capable of producing 
filch a prodigious quantity of elaltic fluid, how does 
it happen that it remains unite and inert when reduced 
indole veflels ? Of this the reafon may be, that every 
claftic fluid, in the act of breaking forth, requires a 
fpace to expand in ; and if this be wanting, it remains 
fixed. Taking this lor granted, a calx of gold can- 
not be reduced in clofc veflels either by heat or by 
the phlogifton of volatile alkali ; for in cither cafe it 
mult evolve its elaltic fluid, which by fuppoiition it 
cannot do. Nothing remains to folve this difficulty 
but the ignition of the furrounding metal; by means 
of which the calx, in virtue of its fuperior attraction, 
frizes the phlogifton of the metal, which that fub- 
ftance here, as well as in other instances, is capable 
of loling without the eruption or ahforption of any 
fluid whatever." 

Several chemifts have aliened, that the calces of 
copper or filvcr may be made to fulminate like that of 
gold. But Mr Bergman informs us, that theie experi- 
ments never fucceeded with him ; " fo (fays he) they 
have either been iilent upon feme circumitanccs ne- 
ccflary in the operation, or perhaps have beendeceived 
by the detonation of nitrum tlammaus, or fome other 
accidental occurrence. It is not fufficient for the vo- 
latile alkali to adhere to the precipitate; for platina 
thrown down by this alkali retains a portion of it very 
obftinately, but yet does not fulminate on the ex- 
pofureof fire *— Betides the prefence of volatile alkali, 
it fecms to be neceilary that the metallic calx Ihould 
be reducible by a gentle heat, in order to decompofe 
it ; but every explolion is not to be derived from the 
fume cai'.fcs ; nay, in this refpect, aurum fulminans, 
gun-powder, ana pulvis fulminans, differ very much, 
though they agree in feveral particulars." Of late, 
,er, it has been found that the calx of filvcr may 
fulminate in a manner llill more extraordi- 
nary than that of gold. See the next article. 

ild is melted with an hrpar fulpkoris, compofed 
(arts of fulphur and fixed alkaline (alt, the 
metal rcadilv unites with it into an uniform mafs, ca- 
pable of dufolution in water without any reparation of 
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difcoverable in any other metalline folution made by 
the lame means. 

Though the compofiiionsof fulphur and alkali fee in 
to unite more intimately with gold than any other me- 
tal, their affinity with it is but flight ; copper, or iron, 
added to the matter in fnlion, difunitc, and precipitate 
the gold. The metal thus recovered, and purified by 
the common precedes, proves remarkably paler- colour- 
ed than at tirft. In an experiment related by Dr 
Brandt, in the Swedilh Memoirs, the purified gold 
turned out nearly as pale as lilver, without any dimi- 
nution of weight. II2 g 

Gold has been thought to be poflefled of many ex- Medicinal 
traordinary virtues as a medicine; which, however, virtues of 
are long ago determined to be only imaginary. It is £°'d. 
not indeed very eafy to prepare this metal in Inch a 
manner that it can be falely taken into the human bo- 
dy. The folution in aqua-regia is poifonous ; but if 
any cflential oil is poured on this folution, the gold 
v\ ill be Separated from the acid, and united to the ef« 
feudal oil; with which, however, it contracts no lad- 
ing union, but in a few hours feparates in bright 
yellow film to the fides of the glafs. Vitriolic ether , II2 ? f 
diflblves the gold more readily and perfectly than the £ l j£™ 
common ellcniial oils ; and keeps it permanently fuf- 
pended, the acid liquor underneath appearing colour- 
lcfs. The yellow ethereal folution poured off, and 
kept for fome time in a glafs ltopt with a cork, fo that 
the fpirit may llowly exhale, yields long, tranfparent, 
prifmatic cryftals, in lhape like thole of nitre, and yel- 
low like topaz. What the nature of thefe cryftals is, 
either as to medicinal effects, or other purpofes, is as 
yet unknown. 

Rectified fpirit of wine mingles uniformly with the 
folution of gold made in acids : if the mixture is differ- 
ed to ftand for fome days in a glafs nightly covered, 
I Id is by degrees revived, and arifes in bright 

pellicles to the furface. Grofler inflammable matters, 
wine, vinegar, folutions of tartar, throw down the 
gold, in its metallic form, to the bottom. Gold is 
the only metal which is thus feparable from its fo- 
lution in acids by thefe fubftances ; and hence gold 
may be purified by thefe means from all admixtures, 
and fmall proportions of it in liquors readily difco- 
vcred. Q 

When the colour of gold is by any means rendered Colour of 
pale, it may be recovered again by melting it with gold refto- 
copper, and afterwards Separating the copper; or by red. 
a mixture of verdigris and fal ammoniac with vi- 
triol or nitre. The colour is alfo improved by fu« 
fion with nitre, injecting fal ammoniac upon it in the 
fufion, quenching it in urine, or boiling it in a folu-. 
tion of alum. When borax is uied as a flux, it is 
cuftomary to add a little nitre or fal ammoniac, to 
prevent its being made pale by the borax. Juncker 
reports, that by melting gold with four tiir.es its 
weight of copper, Separating the copper by aquafortis 
unpurilied then melting the gold with the fame quan- 
tity of frtfh copper, and repeating this procefs eight 
or nine times, the gold becomes at length of a deep 
red colour, v hich fuftains the action of lead, antimo- 
ny, and aquafortis. 
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This, next to gold, is the molt perfect, fixed, and 
ductile of all the metals. Its fpecific gravity is to 
that of water nearly as 11 to 1. A fmgle grain has 
been drawn into a wire three yards long, and flat- 
ted into a plate an inch broad. In common tire it buf- 
fers no diminution of its weight ; and, kept in the vehe- 
ment heat of a glafs-houfe for a month, it lofes no 
more than one fixty-fourth. In the focus of a large 
burning-glafs, it fmokes for a long while, then con- 
tracts a greyilh aih on the furface, and at length is to- 
tally diilipated. 

Silver is fomewhat harder and more fonorous than 
gold, and is fufible with a lefs degree of heat. The 
tenacity of its parts alfo is nearly one half lefs than 
that of gold ; a filver wire of T * y of an inch diameter 
being unable to bear more than 2 70 pounds. 

Mercury unites very readily with filver-leaf, or 
with the calx of lilver precipitated by copper ; but 
does not touch the calces precipitated by alkaline 
falts. The vapours of fulphureous foliations itain lil- 
ver yellow or black. Sulphur, melted with filver, 
debafes its colour to a leaden hue, renders it more 
eafily fufible than before, and makes it flow fo thin as 
ro be apt in a little time to penetrate the crucible : 
in a heat juft below fufion, a part of the filver fhoots 
up, all over the furface, into capillary efftorefcence. 
Aquafortis does not act upon filver in this com- 
pound ; but fixed alkaline falts will abforb the ful- 
phur, and from a hepar fulphuris, which, however, is 
capable of again dilTolving the metal. If the ful- 
phurated filver is mixed with mercury fublimate, and 
cxpofed to the fire, the mercury of the fublimate will 
unite with the fulphur, and carry it up in the form of 
cinnabar, whillt the marine acid of the fublimate u- 
nites with the filver into a luna cornea, which re- 
mains at the bottom of the glafs. Fire alone is fuf- 
ficient, if continued for fome time, to expel the fulphur 
from filver. 

From the bafer metals, filver is purified by cupel- 
lation with lead. (See Refining.) It always re- 
tains, however, after that operation, fome fmall por- 
tion of copper, fufficient to give a blue colour to vo- 
latile fpirits, which has been erroneoufly thought to 
proceed from the lilver itfelf. It is purified from this 
admixture by melting it twice or thrice with nitre 
and borax. The fcoria, on the firfl fufion, is com- 
monly blue ; on the fecond, green ; and on the third, 
white, which is a mark of the purification being com- 
pleted. 

The molt effectual means, however, of purify- 
ing filver, is by reviving it from luna cornea ; be- 
caufe fpirit of fait will not precipitate copper as it 
does filver. The filver may be recovered from lu- 
na cornea, by fufion with alkaline and inflammable 
fluxes ; but, in thefe operations, fome lofs is always 
occafioned by the diflipation of part of the volatile 
calx, before the alkali or metal can abforb its acid. 
Mr Margraaf has difcovered a method of recovering 
the filver with little or no lofs ; mercury aflifted by 
volatile falts, imbibing it by trituration without heat. 
One part of luna cornea, and two of volatile fait, are 
to be ground together in a glafs-mortar, with fo much 



water as will reduce them to the confidence of a thin silver, 
paite, for a quarter of an hour, or more j five parts of ^— >^— ' 
pure quicklilver are then to be added, with a little 
more water, and the triture to be continued for fome 
hours. A fine amalgam will thus be obtained ; which 
is to be wafhed with frefh parcels of water, as long as- 
any white powder feparates. N early the whole of the 
lilver is contained in the amalgam, and may be obtain- 
ed perfectly pure by diftilling off the mercury. The 
white powder holds a fmall proportion feparable by 
gentle l'ublimation ; the matter which fublimes is near- 
ly limilar to mercurius dulcis. 

The colour of filver is debafed by all the metals, 
and its malleability greatly injured by all but gold and 
copper. The Englith ftandard lilver contains one part 
of copper to twelve and one-third of pure filver. ir .$ 
This metal difcovers in fome circumflances a great at- Attra&io» 
traction for lead ; though it does not retain any of that for lead, 
metal in cupellation. If a mixture of filver and cop- 
per be melted with lead in certain proportions, and 
the compound afterwards expofed to a moderate fire, 
the lead and lilver will melt out together, bringing ve- 
ry little of the copper with them ; by this means fil- 
ver is often feparated from copper in large works. 
The effect does not wholly depend upon the different 
fufibility of the metals ; for if tin, which is ftill more 
fufible than lead, be treated in the fame manner with a 
mixture of filver and copper, the three ingredients arc 
found to attract: one another fo ftrongly as to come all 
into fufion together. Again, if filver be melted with 
iron, and lead added to the mixture, the filver will for- 
fake the iron to unite with the lead, and the iron will 
float by itfelf on the furface. JZ ^ 

Silver is purified and whitened externally by boiling Whitened 
in a folution of tartar and common fait. This is no externally- 
other than an extraction of the cupreous particles from 
the furface of the filver, by the acid of the tartar acu- 
ated by the common fait. » 

M. Berthollet has lately difcovered a method ofFulmina- 
imparting to the calx of filver a fulminating property, ting filver. 
and that much more terrible than fulminating gold it- 1139 
felf. His receipt for making it is, " Take cupelled How pre- 
filver, and diffolve it in the nitrous acid ; precipitate pared, 
the filver from the folution by lime-water, decant the 
clear liquor, and expofe the precipitate three days to 
the open air. Mix this dried precipitate with the 
cauflic volatile alkali, it will turn black ; and when 
dried in the air, after decanting the clear liquor, is the 
fulminating powder required." 

The properties of this powder are faid to be fo ex- 
traordinary, that it is impoflible to imagine how any 
part of it can ever be feparated from the reft after it 
is once prepared. To make this fulminate, it feems Fulminate* 
no fenfible degree of heat is neceffary, the contact of hy the 
a cold body anfwering that purpofe as well as any other. toucn °f 
After it is once made, therefore, it muft not be touch- l ny fub ", 
ed, but remain in the veflel in which it is dried ; and thcTcold 6 " 
fo violent is the explofion, that it is dangerous to at- r hot. 
tempt it in larger quantifies than a grain at a time. 1141 
For the fame rcafon it undoubtedly follows, that no Dar.gerou* 
more than a grain ouy;ht to be made at a time, or at wlienmorc 
leaft in one vetfel, bcraufe no part of it could ever af- " a . 
terwards be feparated from the reft. We are told, fuhninated 
that, " the wind having turned over a paper contain- at a time, 
ing fome atoms of this powder," (we ought to have 
X been 
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I .iu of ful- 

. which uj 5 i;. duced the 

ol paper, 
idle alkali, which has been empl 
der, be put into a thin glafs 

iding in the cold, fmall 

iliined on the interior fidea of 

the liquor. On touching one 

ryftals the matrafs will be burft with conii- 

xplofion. 

langcrous properties of this powder fuggeft 
iiy of ii)i preparing it but when the face is 
th glafs eyes ; and to avoid the 
the glafs cups, it is prudent to dry the ful- 
minating Giver in l'mall metalline veJlcls." To this 
iay add, that as the powder does not fulminate 
when wet, it may in that ftate be put up in very fmall 
on paper, to be fulminated afterwards as 
occalion offers. This will perhaps account for the ap- 
. ice of th toms above-mentioned on the 

paper which the wind overturned. 

With regard to the caufc of this extraordinary ful- 
i lay nothing fat is factory ; the follow- 
ing curiou alligned by the antiphlogiilons ; 
which at once lhovvs the futility of their theory, and 
in a very ridU ht the hard words with 
1 they would obfeure the fcience of chemiftry. 
I* The ox principle* (fay ihcy) unites with 
the hydrogenous principle ]■ of the volatile alkali, and 
form water in a vaporous ftate. This water (in a va- 
porous (late) being inltantaueoufly thrown into a Jlate 
apour, po. felling elallicity and expanlive force, is 
the principal caufc of this phenomenon, in which the 
IPblogifti- azotic t air which is difengaged from the volatile al- 
kir. ka'i, with its whole expanfile power, has a great fhare." 
On this, as well as other theories, in which elaftic 
;ed to be the caufc of explolions, it is 
obvious to remark, that (hould we allow this to be the 
w c arc utterly at a lofs to rind a fource of heat 
icnt to ran pour to fuch a degree as is 
the effect afcribed to it. In 
l fcarce fuppofe a grain weight 
>. already dry, to contain as much ei- 
ary to produce the ef- 
; nor can in why the touch of any cold 
ich may be fuppofed to contain lefs fire 
. (hould produce fuch an effect. As to 
...us principles, they were 
bt to have produced 
ition that the water produced 
not have amounted to the thoufandth 
inch more probable, therefore, ' 
i be coniidered as an effect of elec- 
tell how the fluid comes 
i in fuch a violent manner. 

§ 3. Copper. 

This is one of thofe metals which, from their de- 
and contracting ruft in the air, 
. Of thelc, however, it is the 
. i indcftructible. It is of a redd 
» I air, and con» 
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it. It is the moft fonorous of all the 

. 
In fome <.n its fl y < 

under the , \\^ n 

the file 

w ith Hint vv other iloi .; 

"\\ hen broke bj often bending back\ 
it appc dull rid colour without any 

brightnefs, .1 ra- 

fome kinds of< are. It is confiderably 

ductile, though lefs fo than cither gold or lilver ; and 
may be drawn into w bair, or beaten into 

> almoft as thin as thole of filver. The tenacity 
of its parts is very confiderable ; for a copper wire of 
T '„ of an inch diameter will fupport a weight of a 
pounds without breaking. The fpecific gia\ ity of this 
metal, according to Dr Lewis, is to that oi water as 
8.830 to 1. 

Copper continues malleable when heated reel ; in 
which refpect it agrees with iron ; but is not, like iron, 
capable of being welded, or having two pieces joined 
into one. It requires for its fufion a itionger heat 
than either gold or lilver, though lefs than that requi- 
site to melt iron. When in fufion, it is remarkably 
impatient of moifture ; the contact of a little water 
occafioning the melted copper to be thrown about 
with violence, to the great danger of the by-ftanders. II4 g 
It is, neverthelefs, laid to be granulated in the brafs- How gra- 
works at Briftol, without explofion or danger, by let- nulated. 
ting it fall in little drops, into a large ciftcrn of cold 
water covered with a brafs-plate. In the middle of 
the plate is an aperture, in which is fecured with Stur- 
bridge clay a fmall veflcl, whole capacity is not above 
a fpoonful, perforated with a number of minute holes, 
through which the melted copper paffes. A ftrcam 
of cold water paffes through the ciftcrn. If fuffered 
to grow hot, the copper falls liquid to the bottom, 
and runs into plates. 

Copper, in fufion, appears of a bltiifh green colour, Calcined, 
nearly like that of melted gold. Kept in fufion for a 
long time, it becomes gradually more and more brittle ; 
but does not fcorify confiderably, nor lofe much of its 
weight. It is much lefs deltructible than any of the 
imperfect metals, being very difficultly fubdued even 
by lead or bifmuth. If kept in a heat below fufion, 
it contracts on the fnrface thin powdery fcaies; which, 
being rubbed off, are fticceeeled by others, till the 
whole quantity of the metal is thus changed into a 
fcoria or calx, of a -dark reddilh colour. This calx 
does not melt in the ftrongeft furnace fires ; but, in the 
focus of a large burning mirror, runs eafily into a dee]) 
red, and almoft opaque, glafs. A flaming fire, and 
ftrong draught of air pver the furface of the metal, 
greatly promote its calcination. The flame being 
tinged' of a green, blnifh, or rainbow colour, is a mark 
that the copper burns. 

This metal is very readily foiuble by almoft all fa- 
line fubftances ; even common water, fuffered to ftand 
long in copper -velliels, extracts fo much as to gain a 
coppery tafte. It is obfervable, that water is much 
more impregnated with this tafte, on being fu) , 
to ftand in the cold, than if boiled for a longer time in 
the vellel. The fame thing happens in regard to the 
vegetable acids. The confectioners prepare the 
of lemons and oral 
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by boiling in clean copper-vefTels, without the prepa- 
rations receiving any ill taite from the metal ; whereas, 
either the juices themfelves, or the fyrups made from 
them, if kept cold in copper vefiels, foon become im- 
pregnated with a difagreeable tafte, and with the per- 
nicious qualities of the copper. 

By combination with vegetable acids, copper be- 
comes in fome refpecls remarkably altered. Verdi- 
gris, which is a combination of copper with a kind 
of acetous or tartareous acid, is partially foluble in 
diflilled vinegar ; the refiduum, on being melted with 
borax and linfeed oil, yields a brittle metallic fub- 
ftance, of a whitifh colour, not unlike bell-metal. The 
copper alio, when revived from the diflilled verdigris, 
was found by Dr Lewis to be different. from the metal 
before diifolution ; but neither of thefe changes have 
yet been fufficiently examined. 

Copper, in its metallic ilate, is very difficultly amal- 
gamated with mercury ; but unites with it more ealily 
if divided by certain admixtures. If mercury and 
verdigris be triturated together with common fait, 
vinegar, and water, the copper in the verdigris will 
be imbibed by the mercury, and form with it, as Boyle 
obferves, a curious amalgam, at firft fo foft as to re- 
ceive any impreffion, and which, on Handing, becomes 
hard like brittle metals. Brafs leaf likewife gives out 
its copper to mercury, the other ingredient of the 
brafs feparating in the form of powder. 

Eafier methods of amalgamating copper are publish- 
ed by Dr Lewis in his notes on Wilfon's Chemiftry, 
p. 432. His receipts are, — " Dilfolve fome fine cop- 
per in aquafortis : when the menftruum will take up 
no more of the metal, pour it into an iron mortar, 
and add fix times the weight of the copper, of mer- 
cury, and a little common fait : grind the whole well 
together with an iron peftle ; and, in a little time, 
the copper will be imbibed by the mercury, and an 
amalgam formed, which may be rendered bright by 
wafliing it well with repeated affufions of water. 

t( Another method. Take the muddy fubftance which 
is procured in the polilhing of copper plates with a pu- 
mice ftone, and grind it well with a fuitable portion 
of mercury, a little common fait, and fome vinegar, 
in an iron mortar, (a marble one will do, if you make 
ufe of an iron peftle), till you perceive the mercury 
has taken up the copper." The copper recovered 
from thefe amalgams retains its original colour, with- 
out any tendency to yellow. Even when brafs is 
made ufe of for making the amalgam, the recovered 
metal is perfect red copper ; the ingredient from 
which the brafs received its yellownefs being, as a- 
bove obferved, feparated in the amalgamation. 

Copper is the bafis of feveral metals for mechanic 
ufes ; as brafs, prince's metal, bell-metal, bath-metal, 
white copper, ire. Brafs is prepared from copper 
and calamine, with the addition of powdered char- 
coal, cemented together, and at laft brought into fu- 
fion. The calamine is to be previoufly prepared by 
cleanftngit from adhering earth, ftone, or other mat- 
ters ; by roaffing, or calcining it ; and by grinding it 
into a fine powder. The length of time, and degree of 
heat, requifire for the calcination of the calamine, 
are different according to the qualities of that mineral. 
The calamine, thus calcined, cleanfed, and ground, is 
to be mixed with about a third or fourth part of char- 



coal duft, or powdered pit-coal, as is done in fome Copper, 
parts of England. The malleability of the bafis is di- w_v 
miniihed by the ufe of pit-coal, which is therefore 
only employed for the preparation of the coarfcr 
kinds. To this compofuion of calamine and coal, 
fome manufacturers add common fait, by which the 
procefs of making brafs is faid to be haftened. In 
Collar, where the cadmia adhering to the infides of 
the furnaces is ufed inftead of the native calamine, a 
fmall quantity of alum is added, by which they pre- 
tend the colour of the brafs is heightened. With this 
compofuion, and with thin plates or grains of copper, 
the crucibles are to be nearly filled. The proportion 
of the calamine to the copper varies according to the 
richnefs of the former, but is generally as three to two. 
The copper muft be difperfed through the compofition of 
calamine and coal ; and the whole muft be covered with 
more coal, till the crucibles are full. The crucibles, 
thus filled, are to be placed in a furnace funk in the 
ground, the form of which is that of the fruftum of a 
hollow cone. At the bottom of the furnace, er great- 
er bafis of the fruftum, is a circular grate, or iron- 
plate. This plate is covered with a coat of clay and 
horfe-dung, to defend it from the action of the fire; 
and pierced with holes, through which the air main- 
taining the fire pafles. The crucibles ftand upon the 
circular plate, forming a circular row, with one in 
the middle. The fuel is placed betwixt the crucibles, 
and is thrown into the furnace at the upper part of it, 
or the leffer bafis of the fruftum. To this upper part 
or mouth of the furnace is fitted a cover made of 
bricks or clay, kept together with bars of iron, and 
pierced with holes. This cover ferves as a regifter. 
When the heat is to be increafed, the cover muft be 
partly or entirely taken off, and a free draught is 
permitted to the external air, which pafles along a 
vault under-ground to the alh-hole, through the holes 
in the circular grate or plate, betwixt the crucibles, 
and through the upper mouth, along with the fmoke 
and flame, into an area where the workmen ftand, 
which is covered with a large dome or chimney, 
through which the fmeke and air afcend. When the 
heat is to be diminifhed, the mouth of the furnace 
is clofed with the lid ; through the holes of which the 
air, fmoke, and flame pafs. The crucibles are to be 
kept red-hot during eight or ten hours; and in fome 
places much longer, even feveral days, according to 
the nature of the calamine. During this time, the 
zinc rifes in vapour from the calamine, unites with 
the copper, and renders that metal conliderably more 
fufible than it is by itfelf. To render the metal very 
fluid, that it may flow into one uniform mafs at the 
bottom, the fire is to be increafed a little before the 
crucibles are taken out, for pouring off" the fluid me- 
tal into moulds. From 60 pounds of good calamine, 
and 40 of copper, 60 pounds of brafs may be obtain- 
ed, notwithstanding a confiderable quantity of the zinc 
is diffipated in the operation. The quantity of brafs 
obtained has been conliderably augmented fince the 
introduction of the method now commonly praclifed, 
of granulating the copper; by which means a larger 
furface of this metal is expofed to the vapour of zinc, 
and confequently lefs of that vapour efcapes. To 
make the finer and more malleable kinds of brafs, be- 
fides the choice of pure calamine and pure copper, 
X 2 fome 
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rcrs ennem the brafs a fecond time 
v ' with calamine and charcoal ; and fomctimea add to it 

old brafs, by which the new is laid to be meliorated. 

lirab a, brittle when hot \ but fo ductile when cold, 
that it may be drawn into very rinc wire, and beat 
thin leaves. lt> beautiful colour, malleabi- 
its inability, by which it may be ealily call 
uno muni lt r with its being Lefs liable to ruft 

than copper, render it lit for the fabrication of many 
utenlils. 

Although /.inc be fixed to a certain degree in brafs, 
by the adhclion which it contrails with the copper; 
• hen brafs is melted, and cxpofed to a violent tire, 
during a certain time, tl»e zinc diffipates in vapours, 
and even dames away, if the heat be ftrong enough ; 
and if the fire is long enough continued, all the zinc 
will be evaporated and deftroyed, fo that what remains 
is copper. 

Prince's metal is made by melting zinc in fubltance 
with copper ; and all the yellow compound metals 
prepared in imitation of gold are no other than mix- 
lures of copper with different proportions of that fe- 
mimetal, taken cither in its pure ltate, or in its na- 
tural 01 e calamine, with an addition fometimes of 
iron-filings, <jc. Zinc itfelf unites moft ealily with 
the copper ; but calamine makes the moft ductile com- 
pound, and gives the moft yellow colour. Dr Lewis ob- 
ferves, that a little of the calamine renders the cop- 
per pale ; that when it has imbibed about ,% its own 
weight, the colour inclines to yellow ; that the yel- 
lownefs increafes more and more, till the proportion 
comes to almolt one half; that on further augmenting 
the calamine, the compound becomes paler and paler, 
and at lad white. The crucibles, in which the fulion 
is performed in large works, are commonly tinged by 
the matter of a deep blue colour. 

Bell-metal is a mixture of copper and tin ; and tho' 
both thefe metals fingly are malleable, the compound 
proves extremely brittle. Copper is dillblved by 
nulled tin ealily and intimately, far more fo than by 
lead. A (mall portion of tin renders this metal dull- 
ired, hard, and brittle. Bell-metal is compofed of 
about ten parts of copper to one of tin, with the ad- 
dition commonly of a little brafs or zinc. A final 1 pro- 
portion of copper, on the other hand, improves the 
colour and conlillcncy of tin, without much injuring 
its ductility. Pewter is fometimes made from one 
, t -/, p in of copper and twenty or more of tin. 
Dr Lev. ;>'* It has long been obferved, that though tin is fpeci- 
, much lighter than copper, yet the gravity of 
•oa on the tnc oo-npound, bcll-nutal, is greater than that of the 
1 copper itfelf. The fame augmentation of gravity al- 
io takes place where the lighter metal is in the greateft 
proportion ; a mixture even of one part of tin with 
of copper, turning out fpecifically heavier than 
copper. Moft metallic mixtures anfwer to the 
\ity of the ingredients, or fuch as would re- 
: rom a bare apportion of parts. Of thofe tried by 
Dr Lew is. fome exceeded the mean, but ihe greater 
number fell thort of it ; tin and copper were the only 
ones tied a compound heavier than the heavicft 

_ of the metais feparately. 

' White copper i6 prepared by mixing together equal 

rfc-iic and nitre, injecting the mixture into 

ible, which is to be kept in a moderate 



Bdl-metal 



fire till thry fubfide, and How like wax. One part 
of this mixture is injected upon four pause! melted 
r, and the metal, as fool) as they appear tho- 
roughly united together, immediately poured out. The 
copper, thus Whitened, is commonly melted with a 
confiderable proportion of filvcr, by which its colour 
is both improved and rendered more permanent. The 
white copper of China and Japan appears to be no 
other than a mixture ol copper and arlenic. Geoffroy 
relates, that, on repeated fulions, it exhaled arf'cuical 
fumes, and became red copper, lofing witdi its white* 
nefs, one feventh of its weight. 
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Iron is a metal of a greyilh colour ; foon tarniihing 
in the air into a dufky blackilh hue ; and in a fliort 
time contracting a yellow ifli, or reddifh mil. It is 
the hardcftofall metals : the moft elaftic ; and, except- _. j. 
ing platina, the moft difficult to be fufed. Next to Tenacity of 
gold, iron has the greateft tenacity of parts ; an iron its parti, 
wire, the diameter of which is the tenth part of an 
inch, being capable of fuftaining 450 pounds. Next 
to tin, it is the lighteft of all the metals, lofing between 
a feventh and eighth part of its weight when immerfed 
in water. When very pure, it may be drawn into wire 
as fine as horfe-hair ; but is much lefs capable of being 
beaten into thin leaves than the other metals, except- 
ing only lead, 

Iron grows red-hot much fooner than any other 
metal; and this, not only from the application of ac- 
tual fire, but likewife from ftrong hammering, fric- 
tion, or other mechanic violence. It neverthelcfs melts 
the moft difficultly of all metals except manganefe and 
platina; requiring, in its moft fufible ftatc, an in- 
tenfe, bright, white heat. When perfectly malleable, 
it is not fuliblc at all by the heat of furnaces, without 
the addition or the immediate contact of burning fuel ; 
and, when melted, lofes its malleability : all the com- 
mon operations which communicate one of thefe qua- 
lities deprive it at the fame time of the other; as if 
fallibility and malleability were in this metal incompa- 
tible. When expofed to the focus of a large burning 
mirror, however, it quickly fufed, boiled, and emit- 
ted an ardent fume, the lower part of which was a 
true flame. At length it was changed into a blackifli 
vitrified fcoria. 

From the great wafte occafioned by expofing i ron iron a com- 
to a red but efpecially to a white heat, this metal ap- buflible 
pears to be a combuftible fubflance. This combuftion fubflance. 
is maintained, like that of all other combuftible fub- 
ftances, by contact of air. Dr Hook, having heated 
a bar of iron to that degree called white heat, he pla- 
ced it upon an anvil, and blowtd air upon it by means 
of bellows, by which it burnt brighter and hotter. 
Expofed to a white heat, it contracts a femivitrcous 
coat, which burfls at times, and Hies off in fparkles. 
No other metallic body exhibits any fuch appear- 
ance. On continuing the fire, it changes by de- 
grees into a dark red calx, which does not melt in 
the moft vehement heat procurable by furnaces, and, 
if brought into fulion by additions, yields an opaque 
black glafs. When ftrongly heated, it appears co- 
vered on the fin-face with a foft vitreous matter like 
varniih. In this flare, pieees of it cohere; and, on 
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being hammered together, weld or unite, without disco- 
vering a juncture. As iron istheonly metal which ex- 
habits this appearance in the fire, fo it is the only one 
capable of being welded. Thole operations which 
prevent the fuperficial fcorification, deprive it likewiie 
of this valuable property : which rhaybe reftored again, 
by fuffering the iron to refume its vitreous afped ; 
and, in fome rneafure, by the interpofition of foreign 
vitrefcible matters ; whilft none of the other metals will 
unite in the fmalleft degree, even with its own fcoria. 

Iron expands the leafl of all metals by heat. In the 
act of fulion, inilead of continuing to expand, like the 
other metals, it fhrinks ; and thus becomes fo much 
more denfe, as to throw up fuch part as is unmelted to 
the furface ; whilft pieces of gold, filver, copper, lead, 
or tin, put into the refpective metals in fulion, link 
freely to the bottom. In its return to a coniiftent 
ftate, inftead of ihrinking like the other metals, it 
expands ; fenfibly riling in the veiTel, and almming a 
convex furface, while the others become concave. This 
property, firft obferved by Raumur, excellently fits it 
for receiving impreflions from moulds. By the in- 
creafe of bulk which the metal receives in congelation, 
it is forced into the minuteft cavities, fo as to take 
the impreffion far more exactly than the other metals 
which Ihrink. 

Iron is diflblved by all the metals made fluid, ex- 
cept lead ; though none of them a6t fo powerfully up- 
on it as gold : but, as Cramer obferves, if the iron 
contains any portion of fulphur, it can fcarcely be made 
to unite at all with gold. 

Among the femimetallic bodies, it is averfe to an 
union with mercury ; no method of amalgamating thefe 
two having yet been difcovered ; though quickfilver, 
in certain circumftanccs, feems in fome fmall degree 
to act upon it. A plate of tough iron, kept immerfed 
in mercury for fome days, becomes brittle ; and mer- 
cury will often adhere to and coat the ends of iron 
peftles ufed in triturating certain amalgams with faline 
liquors. Mr Jones has alfo difcovered, that by plun- 
ging iron, while heated to an intenfe white heat, into 
mercury, the latter will adhere to the furface of the 
iron, and completely filver it over. 

Next to mercury, zinc is the moil difficultly com- 
bined with iron ; not from any natural indifpofition to 
unite, but from the zinc being difficultly made to fu- 
ftaiu the heat requifite. The mixture is hard, fome- 
what malleable, of a white colour approaching to that 
of filver. Regulus of antimony, as foon as it melts, 
begins to act on iron, and diifolvesa confiderable quan- 
tity. If the regulus be Itirred with a iron rod, it 
will melt off a part of it. Arfenic likewife eafily 
mingles with iron, and has a ftrong attraction for it ; 
forfaking all the other metals to unite with this. It 
renders the iron white, very hard, and brittle. 

This metal is the bafis of the fine blue pigment, cal- 
led, from the placewhere it was firft difcovered, Ber- 
lin or PrufficoibXat. This colour was accidentally dif- 
cevered about the beginning of the prefent century, by 
a chemift of Berlin, who, having fucceffively thrown 
upon the ground feveral liquors from his laboratory, 
was much furprifed to fee it fuddently ftained with a 
beautiful blue colour. Recollecting what liquors he 
had thrown out, and obferving the fame effects from 
a lirnilar mixture, ke prepared the blue for the ufe of 




painters •, who found that it might be fubftituted to ul- 
tramarine, and accordingly have ufed it ever lince. 

Several chemifts immediately endeavoured to dif- p r wool- 
cover thecompofition of this pigment ; and in the year ward's re- 
1724 Dr Woodward publilhed the following procefs, cept for. 
in the Philofophical Tranfactions, for making it. " Al- 
kalize together four ounces of nitre, and as much tar- 
tar as is directed for charcoal (n° 779). Mix this alkali 
well with four ounces of dried bullocks blood ; and put 
the whole in a crucible covered with a lid, in which 
there is a fmall hole. Calcine with a moderate heat, till 
the blood be reduced to a perfect coal ; that is, till it e- 
mits no more fmoke or flame capable of blackening any 
white bodies that are expofed to it. Incrcafe the 
fire towards the end, fo that the whole matter con- 
tained in the crucible ihall be moderately, but fen- 
fibly, red. 

" Throw into two pints of water the matter con- 
tainedin the crucible, while yet red, and gave it half 
an hour's boiling : decant this firft water ; and pour 
more upon the black charry coal, till it becomes almolt 
infipid. Mix together all thefe waters ; and reduce 
them, by boiling, to about two pints. 

" Diilblve alfo two ounces of martial vitriol, and 
eight ounces of alum, in two pints of boiling water. 
Mix this folution when hot with the preceding lixivium 
alfo hot. A great effervefcence will then be made : 
the liquors will be rendered turbid ; and will become 
of a green colour, more or lefs blue ; and a precipi- 
tate will be formed of the fame colour. Filtrate, in 
order to feparate this precipitate ; upon which pour 
fpirit of fait, and mix them well together ; by which 
means the precipitate will become of a fine blue colour. 
It is neceflary to add rather too much of the fait than 
too little, and till it no longer increafes the beauty of 
the precipitate. The next day wafh this blue, till the 
watercomes off from it infipid; and then gently dry it." II0 

Mr Geoffroy was the firft who gave any plaufible Mr Geof- 
theory of this procefs, or any rational means of im- froy'sthtc- 
proving it. He obferves, that the Pruffian blue is no ry. 
other than the iron of the vitriol revived by the in. 
flammable matter of the alkaline lixivium, and per- 
haps a little brightened by the earth of alum, j that the 
green colour proceeds from a part of the yellow fer- 
ruginous clax, or ochre, unrevived, mixing with the 
blue ; and that the fpirit of fait dilfolves this ochre 
more readily than the blue part ; though it will dif- 
folve that alio by long Handing, or if ufed in too large 
quantity. From thefe principles, he was led to in- 
creafe the quantity of inflammable matter ; that there 
might be enough to revive the whole of the ferrugi- 
nous ochre, and produce a blue colour at once, with- 
out the ufe of the acid fpirit. In this he perfectly fuc- 
ceeded ; and found, at the fame time, that the colour 
might be rendered of any degree of deepnefs, or light- 
nefs, at pleafure. If the alkali is calcined with twice 
its weight of dried blood, and the lixivium obtained 
from it poured into a folution of one part of vitriol to 
fix of alum, the liquor acquires a very pale blue co- 
lour, and depofits as pale a precipitate. On adding 
more and more of a freffi folution of vitriol, the co- 
lour becomes deeper and deeper, almoft to blacknefs. 
He imagines, with great probability, that the blue pig- 
ment, thus prepared, will prove more durable in the 
air, mingle more perfectly with other colours, and be 
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mixture. \\ hen the liquors are well 

ftirred together ; and the circular motion, as jfoon as 

folution of vitriol, 

I, by long fettling), let fall on different parts 

ind form curious repre- 

fc ntatioiis of flowers, trees, lhrubs, flying infects, <xc. 

reat regularity and perfection. Thefe continue 

10 or 1 2 minutes : and on ftirring the liquor again, 

and dropping in ionic more of the folution of vitriol, 

are fucceededby a new picture. 

Tii is theory is confirmed by Mr Macquer, in a Me- 
moir printed in the year 1752. He obferves, that 
the quantity of phlogifton communicated to the iron 
in this procefs is fo great, as not only to caufe the me- 
tal refill in a great meafure the action of acids, and 
become totally unaffected by the magnet ; but by a 
I calcination it becomes entirely fimilar to other 
iron, and is at once deprived of its blue colour. He 
further obferves, that fire is not the only means by 
which Prullian blue may be deprived of all the proper- 
ties which diftinguiih.it from ordinary iron. A very 
pure alkali produces the fame effect. He has alfo dis- 
covered, that the alkali which has thus deprived the 
P ruffian blue of all the properties which diftinguifh 
it from ordinary iron, becomes, by that operation, 
entirely fimilar to the phlogifticated alkali ufed for 
the preparation of Pruffian bine. 

By a more particular examination) he found, that 
the alkali might become perfectly faturated with the 
colouring matter; i'o that, when boiled on Pruffian 
blue, it extracted none of its colour. When the fait 
was thus perfectly faturated, it feemed no longer to 
pofTefs any alkaline qualities. If poured into a folution 
of iron in any acid, a fmgle, homogeneous, and perfect 
precipitate, was formed ; not green, as in Dr Wood- 
ward's procefs, but a perfect Pruffian blue ; which 
needed no acid to brighten its colour. A pure acid 
added to the alkali was not in the leaft neutralized, 
nor in the leaft precipitated the colouring matter, 
from hence Mr Macquer concludes, that,in the making 
of Prullian blue, vitriol isdecompofed ; becaufe the iron 
has a ftrong attraction for the colouring matter, as 
well as the acid for the alkali ; and the fumof the at- 
traction of the acid to the alkali, joined to that of the 
iron for the colouring matter, is greater than the fmgle 
attraction of the acid to the metal. 

Another very important phenomenon is, that earths 
have not the lame attraction for this colouring matter 
that metallic fubftanccs have. Hence, if an alkali fa- 
is colouring matter be poured into a fo- 
ot" alum, no decompoiition is effected, nor any 
precipitate formed. The alum continues alum, and 
the alkali remains unchanged. From this experiment 
lacquer concludes that alum does not directly con- 
tribute to the formation of the Pruffian blue. The 
'c he thinks it anfwers is as follows. Fixed al- 
can never be perfectly faturated with phlo- 
•natter by calcination ; alkalies, therefore, though 
liable fubftanccs, fo as to make a 
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capable of fpoiling the fine colour of th Slue, 

than an admixture of this yellow precipitate: it is 
therefore neceflarj to add a quantity of alum, which 
will take up the greateft part of the purely alkaline 
fait, and of conference the quantity of yellow fer- 
ruginous precipitate is much diminifhed. But the 
earth of alum, being of a line Alining white, does hoc 
in the leaft alter the purity of the blue colour, but is 
rather necelfary to dilute it. From all this it follows, 
that it is a matter of indifference whether the green 
precipitate is to be again dillblved by an acid, or the 
alkaline part of the lixivium faturated with alum 
or with an acid, before the precipitate is formed. 
The latter indeed feems to be the molt eligible me- 
thod. 

Moft alkalies obtained from the allies of vegetables, piue pro- 
being combined, by their combuftion, with a portion ducible 
of inflammable matter, are capable of furnifhing afiomothcr 
quantity of Prullian blue, proportionable to the quan- alkalies, 
tity of colouring matter they contain, even without 
the neceflity of mixing them with a folution of iron; 
becaufe they always contain a little of this metal dif- 
felved, foine of which may be found in almoit all ve- 
getables ; therefore it is fufficient to faturate them 
with an acid. Henckcl obferved the production of 
this blue in the faturation of the foffile alkali, and re- 
commended to chemifts to inquire into its nature. 1171 

The theories of Geoffroy, Macquer, &c. however, MrScheele 
withrefpect to Pruffian blue, have now given place to difcovers 
that of Mr Scheele ; who has examined the fubftance * he colour - 
with the utmoft care, and found the colouring matter "f^p^flian 
to confift of an extremely volatile fubftance, capable of blue. 
uniting with and neutralizing alkalies, but eafily ex- 
pelled from them by any other acid, even by that of II72 
fixed air. He begins his diflcrtation on this fubject Lixivium 
by obferving, that the folution of alkali calcined with fanguinis 
dried blood, which he calls lixivium fanguinis, by ex- lofeBiuco- 
pofure to the air, lofes its property of precipitating lounn g 
the iron of a blue colour ; and that the precipitate thus j^pofure to 
obtained is entirely foluble in the acid. In order to t he air. 
determine whether the air had thus undergone any 
change, he put fome newly prepared lixivium into a 
glafs veflel well fealed with rofin ; but after fome time 
finding no change on the lixivium, or on the air con- 
tained in the veflel, he began to think that this might 
be occafioned by the abfence of fixed air, which always II7 , 
abounds in the open atmofphere, though not in any Suppofed 
confined portion of it, at leaft in an equal proportion, to arife 
Having therefore filled a glafs veflel with fixed air, he from the 
poured into it a little lixivium fanguinis ; and next day fiyc(1 air 
found, that it threw down from green vitriol a preci- "l ,forb * (1 
picate entirely foluble in acids. With other acids he-^JS^JJ" 
obtained no precipitate. in a 

On inverting the experiment, and mixing fome The matter 
green vitriol with lixivium fanguinis, the mixture grew fixed byth« 
yellow ; and he found this addition capable of fixino- ad d' ti< "> <j f 
the colouring matter fo that neither the acid of fixed Um ' 
air nor any other could expel it from the alkali. For ' 
having poured the mixture abovementioned into a fo- ur 
lution of green vitriol, and afterwards fuperfaturatcd 

the 



vitiiol to 
the- lixivi- 



Pra&ice. 



CHEMISTRY. 



167 



Iron. 



1175 
Calx of i- 
ron folublc 



cids. 



the lixivium with acid, he obtained aconfiderable quan- 
tity of blue. To the fame lixivium fanguinis, in which 
a fmall quantity of green vitriol was diflblved, he after- 
wards added of the other acids fomewhat more than 
was neceflary for its faturation ; and though this was 
done, a conliderable quantity of Pruffian blue was af- 
terwards obtained. Again, having precipitated a fo- 
lution of green vitriol with alkali, and boiled the pre- 
in lixivium cipitate for fome minutes in lixivium fanguinis, part 
fanguinis; f -j- was diflblved : the filtered lixivium underwent no 
change when expofed to the open air or to the aerial 
acid, and precipitated the folulion of vitriol of a blue ; 
and though the lixivium was fupcrfaturated with acid, 
g and fome green vitriol added, a very beautiful Pruffian 
But not blue was obtained. 1 his, however, will not hold when 
when high- a perfectly dephlogiflicated calx of iron is employed, 
ly dephlo- of which none can be dilfolved by the lixivium fangui- 
giflicated. n j s . nor w m anv p ruffian blue be obtained by preci- 
pitating with lixivium fanguinis a perfectly dephlogi- 
1177 fticated folution of iron in nitrous acid. 
The colour To determine what had become of the colouring 
ing matter matter in thofe experiments where it feemed to have 
taken up been diffipated, fome lixivium fanguinis was poured in- 
by tie air tQ a ve <r c i filled with aerial acid. It was kept well 
after it has , , , . . , , . . r ,. 

been expel- co, 'ked during the night, and next day a piece or pa- 
led by a- P er dipped in a folution of green vitriol was fixed to 
the cork, pencilling it over with two drops of a fold- 
tion of alkali in water. The paper was thus foon co- 
vered with precipitated iron ; and on being taken out 
two hours afterwards, and dipped in muriatic acid, be- 
came covered with mofl beautiful Pruffian blue. The 
fame thing happened when lixivium fanguinis fuperfa- 
turated with vitriolic acid was employed ; for in this 
cafe alfo the air was filled with the colouring matter 
capable of being in like manner abforbed by the calx 
of iron. But though from thefe experiments it is plain 
that acids expel this colouring fubftance from the 
lixivium, a given quantity of air is only capable of 
receiving a certain quantity of it ; for the fame mix- 
ture removed into another veifel imparts the colouring 
property to the air it contains according to its quan- 
tity. On putting perfectly dephlogiflicated calx of 
iron upon the papers, no Pruffian blue was formed ; 
but the muriatic acid dilfolved the calx entirely. 

Our author having now affiired himfelf that acids 
really attract the alkali more than the colouring mat- 
ter, proceeded to try the effects of diflillation. Ha- 
ving therefore fuperfaturatpd fome lixivium fanguinis 
with vitriolic acid, he diflilled the mixture in a glafs 
retort with a gentle fire. When about one-third had 
palled over, he changed the receiver, and continued 
the operation till one half was diflilled. Thefirfl pro- 
duct had a peculiar tafle and fmell ; the air in the re- 
ceiver was tilled with colouring matter, and the aque- 
ous fluid was alfo ftron^ly impregnated with it, as ap- 
peared by its forming a fine Pruffian blue with phlogi- 
fticatcd calx of iron. Part of it being expofed 10 the 
open air for fome hours, entirely loft its power, and the 
product of the fecond operation was no other than wa- 
ter mixed with a little vitriolic acid. 

The next flep was to procure, if poffible, the co- 
co procure ^ louring matter by itfelf; and this he attempted to 
.„-, fl - P r obtain from the Pruffian blue, rather than the lixi 

mg itmilci B t t ill , >ii 

by itfelf. vmm iangiunis, as he would thus not only avoid the 
troublefome calcination of the alkali and blood, but 
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obtain the colouring matter im much larger quantity 
than could be done from the lixivium. On examining *"""* 
feveral kinds of this pigment, he found in them evi- 
dent marks of fnlphur, volatile alkali, vitriolic acid, and 
volatile fulphurcous acid ; all of which fubflances are to 
be found in the lixivium fanguinis as well as in that of 
foot, and adhere to the precipitate in the preparation 
of Pruffian blue. Finding, however, tharhe could not 
obtain his purpofe by any kind of analyfis of thefe by 
fire alone, he had recourfe to a neutral fait ufed by jjg 
chemifls for difcovering iron in mineral waters. This Neutral 
is formed by digefling canftic fixed alkali on Pruffian fait for dif- 
blue, which effeclually extracts the colour from it even covering^ 
in the cold, in a very fhort time, and being neutralized, iron in mi " 
may eaiily be reduced into a dry form. But it is not n wa ~ 
entirely to be depended upon for this purpofe ; for it 
always contains fome iron which indeed is the medium 
of. its connection with the alkali. The lixivium fan- 
guinis is preferable, though even this contains fome 
iron, as well as the lixivium of foot; our author's ex- 
periments, however, were made with the neutral fait, 
for thereafon already mentioned. Tl % T 

1 An ounce of the fait w T as dilfolved in a glafs re- Effects of 
tort in four ounces of water, afterwards adding three diftilling 
drachms of concentrated vitriolic acid ; and the mix- tnis fa* 1 
ture was diflilled with a gentle fire. The mafs grew w . ]tl ? 0;1 o£ 
thick as foon as it began to boil ; from a great quan- vltno1 * 
tity of Pruffian blue, a quantity of the colouring mat- 
ter appeared by the fmell to penetrate the lute: and 
part of it was abforbed by the air in the receiver, as in 
former experiments. The diflillation was continued 
till about an ounce had paffed into the receiver. The 
blue mafs remaining in the retort was put into a ftrain- 
er, and a piece of green vitriol put into the liquid 
which palled through ; but by this laft no Pruffian 
blue was produced. The blue which remained in the 
filter was again treated with lixivium tartari : the fo- 
lution freed from its ochre by filtration, and the clear 
liquor committed a fecond time to diflillation with vi- 
triolic acid. Pruffian blue was again feparated, though in 
fmaller quantity than before, and the colouring matter 
came over into the receiver. After one third of the 
matter had paffed over, that which had been obtained 
by the firfl diflillation was added to it, the Pruffian 
blue was feparated from the lixivium in the retort, 
and extracted a third time. Some Pruffian blue was 
formed again, though in much fmaller quantity ; whence 
it is apparent that Pruffian blue may at laft be totally 
decompofed by means of alkali. Lime, or terra pon- 
derofa, likewife extract the blue colour, and lhow the 
fame phenomena as alkali. „ 

With volatile alkali a compound, conilfting of the Colouring* 
alkali, iron, and colouring matter, is formed, which matter u- 
ffiows the fame phenomena with that formed with rmes with 
fixed alkali. By diflillation per ft after it has been v °l a tile al- 
d in water, the liquor grows thick in confe- 
a feparation of Pruffian blue, and volatile al- 
kali paYfes over into the receiver. This volatile fpi- 
rit is i v bated with the colouring matter; it is 
not precipil ' by lime water; but green vitriol is 
precipitated by it; and on adding an acid, Pruffian 
blue is formed. If a pice of paper^ dipped in a fo- 
: of green vitriol, be expofed to the vapour of 
this alkali, it is foon decompofed ; and if the fame be- 
pencilled over with muriatic acid, it initantly becomes 
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cxpoling the liquor ro the open air, it all 
■ 
the operations with vitriolic acid hitherto 
; , fonic (null quani pailes into the re- 

ceiver, our author (h to deprive the colouring 

matter, of that vitriolic taint, ror this purpofe no- 
thing more i; Decenary than to put a little chalk into 
the matter, and rediAiJ it with a very gentle heat ; tlic 
aeid unites with the chalk, and the colouring matter 
in its greateft purity. In order to hinder, 
as much as poifiblc, the efcape of the volatile'colour- 
ing matter through the lute, he makes ufe of a fmall 
. cr, putting into it a little diltilled water, and 
placing it i'o that the greater p.trt lhall be immerfed 
in cold water during the operation. The water im- 
pregnated with this colouring matter has a peculiar 
but not difagrecablc fmell, a tal'tc fomevvhat approach- 
ing to fwect, and warm in the mouth, at the fame 
time exciting cough. When rectified as above direct- 
ed, it appears to be neither acid nur alkaline; for it 
neither reddens paper dyed with lacmus, nordoesitre- 
ftore the colour of fuch. paper after it has been made 
red ; b it it renders turbid the folutions of foap and 
hepar fulphuris. The lame liquor mixed with fixed 
alkali, though it contains a fuperabundance of colour- 
ing matter, re/tores the blue colour of paper reddened 
by an acid. By diftillaiion to drynefs, there goes 
over a part of the colouring matter which difengages 
itfelf from the alkali j the rcliduum is foluble in water, 
and has all the properties of the heft lixivium fangui- 
nis; but, like the true lixivium, it is decompofed by 
all the acids, even by that of fixed air. With cauflic 
volatile alkali it forms a kind of ammoniacal fait; 
' which, however, always fmclls volatile, though the co- 
louring matter be in ever fo great proportion. By 
. diltillation the whole iuflantly rifes, and nothing but 
pure water is Left in the retort. 

Magnefia precipitated from Epfom fait by canftic 
volatile alkali, was dillblved in the colouring matterby 
allowing them to (land together for leveral days in a 
warm clofc bottle. On expofure to the open air, the 
magnefia feparated from it by its fupcrior attraction 
for aerial acid, and formed on the furfacc of the 
water a pellicle like that of cream of tartar. This 
folution was likewife decompofed by alkalies and lime- 
water. 

The colouring matter dillblves but a very fmall 
quantity of terra ponderofa, which may be after- 
wards precipitated by vitriolic and even by aerial 
acid. 

Pure clay, or the bafis of alum, is not attacked by 
it. Lime is dillblved in a certain quantity. The fu- 
perabtindant portion fliould be feparated by filtration ; 
and as the liquor contains, befides the combined lime, 
the portion which water itfelf is able to take up, in 
order to free it from this, prccifely the fame quantity 
of water impregnated with aerial acid is to be added 
as is requilite for precipitating an equal quantity of 
lime-water. The colouring matter, thus faturated 
with lime, is to be filtered again, and then to be pre- 
ferved in a well clofed bottle to prevent the accefs of 
fixed air. This folution is decompofed by all the 
. and by the pure or cauftic alkalies. By diltilla- 
tion the colouring matter rifes, and nothing but pure 
is left in the retort.— This folution of lime ap- 
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pears to our author to be fo perfectly Saturated, that he 
employed it ia preference tber in the experi- 

ments he made on metals, and which we arc now about The 1( ,; ut j. 
to re! on of lime 

From the trials made by Mr Scheele, it appears the mod 
that the colouring matter has no effect upon an) me- proper for 
tal or metallic iolution, excepting thole of lih tr and cx P cri " 

quicklilver in nitrous acid, and that of iron in fixed ni 

.„. r n ■ • ■ 1 • 1 • .metal*. 

air. 1 he hrft is precipitated m a white powder : the j 

fecond in a black one; and the third allumes a fea- silver, 

green colour, which afterwards turns to blue. With quicklilver, 

metallic calces it produces the following phenomena, and iron 

1. Gold precipitated by aerated alkali becomes white. r rec, r ita - 

2. The fixed air is difengaged from a precipitate of, 1 >y . e 

^ colouring 

diver With a flight eftervelcencc. 3. Calx of mercury mattcr 
is diffolvcd, and yields cryftals by gentle evaporation. jjo 2 

4. The calx of copper precipitated by aerated alkali its tfte&a 
effervefces, and allumes a faint citron colour. 5. Calx of on metal- 
iron precipitated from its folution in the vitriolic acid hc calce*; 
by the fame alkali, effervefces, and affumesa dark blue 
colour. 6. Precipitated cobalt fhows fomc ligns of 
effervefcence, and changes into a yellowifli brown co- 
lour. The other calces arc not acted upon. 1103 

The precipitating liquor abovementioned, poured On mctal- 
into metallic folutions, produces the following appear- ljcfolu- 
ances by means of double elective attraction. 1. Gold tlons - 
is precipitated of a white colour, but by adding a fu- 
perabundant quantity of the precipitating liquor the 
calx is rediffolvcd. The fecond folution is colourlcfs 
as water. 2. Silver is precipitated in form of a white 
fubltance of the confidence of chetfe ; by adding more 
of the liquor the precipitate is rediffolved, and the fo- 
lution is not decompofed either by fal ammoniac or 
marine acid. 3. Corrolive fublimate apparently un- 
dergoes no change, though it is in reality decom- 
pounded ; the calx being dillblved in the colouring 
matter. Mercury dillblved in the nitrous acid without 
heat, is precipitated in form of a black powder. 4. 
The folutions of tin and bifmuth are precipitated, but 
the calx is not acted upon by the colouring matter. 

5. The fame effects are produced on the folution of 
butter of antimony, as well as on that of well de- 
phlogilticated calx of iron. 6. Blue vitriol is preci- 
pitated of a yellow citron colour : if more of the pre- 
cipitating liquor be added, the precipitate is redif- 
folved into a colourlefs liquor and a colourlefs folu- 
tion of the fame calx is likewife obtained by volatile 
alkali. On adding more of the folution of blue vi- 
triol, the folution likewife difappears, and the liquor 
affumes a green colour. Acids dillblve a portion of 
this precipitate, and the remainder is white. The 
muriatic acid difTolves the precipitate completely, but 
lets it fall again on the addition of water. 7. The fo- 
lution of white vitriol yields a white precipitate, which 
is not rediffolved by addition of the precipitating li- 
quor, but is foluble in acids. Thefe folutions fmell 
like the colouring matter, which may be feparated ' 
from them by diltillation. 8. Green vitriol is preci- 
pitated firft of a yellowifli brown colour, which foon 
changes to green, and then becomes blue on the fur- 
face. Some hours afterwards the precipitate fubfides 
to the bottom of the veflels, and then the whole mix- 
ture turns blue ; but on adding any acid the preci- 
pitate becomes inftantly blue. If a very fmall quanti- 
ty of green vitriol be put into the precipitating liquor, 
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the precipitate is entirely dhfolved, and the whole af- 
fames a yellow colour. 7. Solution of cobalt lets 
fall a browniih yellow precipitate, which is not dif- 
folved by adding more of the precipitating liquor, 
neither is it foluble in acids. By diltillation the co- 
louring matter goes over into the receiver. 

Laftly, our author undertook an invc-f ligation of the 
confiituent parts of the colouring matter itfelf; and 
conftituent in this he fucceeded iii fuch a manner as muft do ho- 
part of the nour to his memory, at the fame time that it promifes to 
colouring b e a rea ] anc i lifting improvement to fcience, by lhow- 
matttr. - Jn ^ a met ] 10( j of preparing this valuable pigment with- 
out that naufeous and horrid ingredient, blood, which 

ITO5 . 1 r TT" 

Innarnma- ls llow u ^ ca - ' m g reat quantities for that purpole. — His 
bilityofthe hrft hint concerning this matter feems to have been 
colouring taken from an obfervation of the air in his receiver 
matter. accidentally taking lire from the neighbourhood of a 
candle. It burned without any explofion, and he 
was able to inflame it fcveral times fucceffively. Wifh- 
ing to know whether any fixed air was contained in 
the colouring matter, he filled a retort half full of 
the liquor containing the colouring matter, and ap- 
plying a receiver immediately after, gave the retort 
a brifk heat. As foon as the receiver was filled with 
thick vapours of the colouring matter, he disjoined it, 
and, inflaming the vapour by a little burning fulphur 
introduced into the cavity, found that the air which 
1196 remained threw down a precipitate from lime-water. 
Aerial acid " Hence (fays he) it may be concluded, that the aerial 
and phlo- acid ( a ) and phlogifton cxift in this colouring matter." 
It has been aliened by feveral chemilts, that Pruf- 
fian blue by diftillation always yields volatile alkali. — 
To determine this, Mr Scheele prepared fome exceed- 
ingly pure from the precipitating liquor abovemen- 
blue yields tioned and green vitriol ; diftilling it afterwards in a 
volatile al- glafs retort, to which he adapted a receiver contain- 
ing a little diitilled water. The operation was con- 
tinued till the retort became red-hot. In the re- 
ceiver was found the colouring matter and volatile 
, alkali, but no oil ; the air in the receiver was im- 
pregnated with aerial acid, and the fame colouring 
matter; the reiiduum was very black, and obeyed the 
magnet. On fibftituting, inflead of the Pruihan blue, 
the precipitates of other metallic fubftances preci- 
pitated by the Pruflian alkali, the refults were : 
1. The yellowifh brown precipitate of cobalt yield- 
ed the very fame produces with Pruflian blue it- 
felf ; the refidunm in the retort was black. 2. The 
yellow precipitate of copper took fire, and emitted, 
from time to time, fparks during the diftillation. It 
produced little colouring matter, but a greater quan- 
tity of aerial acid and volatile alkali than bad been ob- 
tained by the former precipitates. A fublimate arofe 
in the neck of the retort, but in too fmall a quantity 
to make any experiment ; the refiduum was reduced 
copper. 3. The precipitate of zinc yielded the fame 
with Pruflian blue. 4. 'I hat of filver yielded -like- 
wile volatile alkali and fixed air. but chiefly colour- 
ing matter; a fu ' iate containing fome filver arofe 
into the neck of the retort ; the reiiduum was reduced 
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filver. 5. Calx of mercury cryftaliized by means of 
the colouring matter, yielded fome of that matter, 
but fcarce any mark of volatile alkali. Some mercury, 
with a portion of the original compound, arofe in the 
neck of the retort. 

From thefe experiments Mr Scheele concluded, that Ingredient 
the colouring matter of Pruflian blue was compofed contained 
of volatile alkali and an oily matter. He was con- )n tr ; e co " 
firmed in his conjecture, by obtaining; Pruflian blue Iounn S 
from green vitriol and fpirit of hartihorn recently di- 
ftilled on the addition of muriatic acid. The fame 
product was obtained by means of the volatile fpirit 
drawn from ox's blood ; fo that nothing now remain- 
ed, but to imitate thefe natural proceflcs by artificial- I200 
ly combining the two ingredients together. For Unfucccfi- 
this purpofe he diflilled a mixture of volatile faltfulat- 
and unctuous oil ; a mixture of the fame alkali with tempts to 
animal fat, and with oil of turpentine ; a mixture of P re P arc tt 
quick-lime, fal ammoniac, and auxunge, with others * rU iC ' a 7 
of a fimilarkind ; but in vain. He began therefore to 
conclude, that as long as the volatile alkali contained 
any water, it could not enter into an union f'iliciently 
intimate with the other principles to form the colour- 
ing matter ; and finding alfo that the coal of blood, 
mixed with fait of tartar, yielded very good lixivium 
fanguinis, he concluded that no oily matter was ne- 
ceflary for the fuccefs of the experiment. I20I 

Thus was our author led to make the follow- True me- 
ing decifive trials, which at once accoinplifhtd his thod of 
purpofe, and ihowed the truth of the principles he had forming it. 
aflumed. Three table-fponfuls of charcoal powder 
were mixed with an equal quantity of alkali of tar*, 
tar, and the mixture put into a crucible. A fimilar 
mixture was put into another crucible, and both put 
into a fire, and kept red-hot for about a quarter of an 
hour. One of them was then taken out, and the 
contents thrown, while perfectly red-hot, into eight 
ounces of water. At the fame time he put into the 
other quarry an ounce of fal ammoniac in fmall 
pieceSjf^agitating the whole brifkly together, and 
taking care at the fame time to pufh the fal ammo- 
niac down towards the bottom of the crucible, which 
he replaced in the fire. Obferving in two minutes af- 
ter, that no ammoniacal vapours arofe, the whole 
mafs was thrown, when red-hot, into eight ounces 
of water. The former lixivium, into which no fal 
ammoniac had been put, yielded no Pruflian blue ; but 
the latter fhowed the fame phenomena with the belt 
lixivium fanguinis, and produced a great quantity of 
blue. By mixing plumbago with the alkali inflead 
of charcoal, a tolerable lixivium was obtained. 

" From thefe experiments (fays Mr Scheele), it Volatile aU 
appears, that the volatile alkali is capable of uniting kali cajfc- 
with the carbonaceous matter, after it has been fub- ble ofuhi- 
tilized by a ftrong heat , that it thus acquires the re- tin ? with 
markable property of combining fo firmly with fait of p ,°f "?* 
tartar as to be able to fuflain the moft violent degree ^u- all X f"o a» 
of heat; and when this lixivium is diilblved in water, to fuflain a 
there is obtained lixivium fanguinis, as it is called. — great de- 
It is now eafy to explain what happens in the diflil- gree of 
Y htion heat - 



(a) This reafoning feems not to be fufficiently conclufive ; for late experiments have fhown that inflamma- 
tion is generally attended with the production of fixed air, which could not be proved to have an exigence ci=> 
ther in the materials or common atmofphere before. 
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the other 
N ^ diftil- 

i mltancc, the calx oi 

ndi- •* :i! :llou from the colouring 

matter. The aerial acid being thus difengaged, molt 

with the volatile alkali, which 

■ ai the lame infant ; but as the calx of iron 

countc j ;i tfle j icat ()t - tn j s (iiftiiiation cannot unite with more 

phlogifton, a portion of the colouring matter, not 

decomposed, mufl likewife arife. It" the calx of iron 

i combine with the whole of the phlogifton, there 

i. 4 wo ihl come nothing over into the reciever but aerial 

I iiriug acid and volatile alkali. In order to prove this, I 

diftilled a mixture of fix parts of manganefe finely 

T ' 'k ™ J 1inVl -' rr( -' t '> :llu ' onc P ;iri °' pulverized Prulfian blue, 

manganefe ;uu ' 8 °tained nothing but aerated volatile alkali, with- 

1I05 ' out '' 1C ' ca ^ markof colouring matter." 

t0 - Mr Scheele further remarks, that this colouring 

louring matter may probjbly be obtained in an aerial form, 

rein though he had not been able to do fo. It is alfo 

,L ' worth notice, that, excepting the folutions of lilver 

and mercury in nitrous acid, the colouring matter of 

cury and ^ " 

filver from P ru "*an blue is not able to decompofe any other by a 

their folu- [ingle elective attraction. Now, as we know that 

tu>n in ni- Prulhan blue is not l'oluble in acids, it naturally fol- 

trotu acid, lows, that the colouring matter has a greater affinity 

with iron than acids have, notwithstanding there is 

no precipitation perceived when this matter is mixed 

with the folution of vitriol of iron. " It may not be 

eafy (fays Mr Scheele) to give a fatisfactory explana- 

1206 tion of this phenomenon." 

ilka- Iron deflagrates with nitre, and renders the fait al- 
! 'y Valine and cauitic. A part of the iron is thus render- 
""""• cd foluble, along with the alkalized fait. A mixture 

•f equal parts of iron tilings and nitre, injected into a 
ftrongly heated crucible, and, after the detonation, 
thrown into water, tinges the liquor of a violet or 
purplilh blue colour. This folution, however, is not 
permanent. Though the liquor at firft pa^Jcs through 
a filter, without any fcparation of the iron; yet, on 
Handing for a few hours, the metal falls to the bot- 
tom, in form of a brick-coloured powder. Volatile 
alkalies inllantly precipitate the iron from this fixed 
alkaline folution. 
;;in o* Iron readily unites with fulphur; and when corn- 
ed lul- m - I1C( j w jth j t> proves much eafier of fufion than by 
IU f ta t itl """- A mixture of iron filings and fulphur, moiften- 
ncouily!^" etl w ^ tn watcr > aIul prefled down clofe, in a few hours 
Is and grows hot; and, if the quantity is large, 
burfts into flame. 

By cementation with inflammable maters, iron im- 
bibes a larger quantity of phlogifton ; and becomes 
much harder, lefs malleable, and more fufible. It is 
then called fteel. See Metallurgy, and Steel. 

§ 5. Lead. 

Lead is a pale or livid-white metal, foon lofing its 
brighmefs in the air, and contracting a blackifh or 
greviih alh-colour. It is the fofteft and moft flexible 
of all metallic bodies ; but not ductile to any great de- 
gree, cither in the form of wire or leaf; coming far 
:y Ihort, in this refpecc, of all other metals. It has alfo 
uc leaft tenacity of all metallic bodies ; .a leaden wire 




of ' of an inch diameter being capable of fupporting 
only 20 pounds. Lead has, I rablc 

vitv ; lofing, when immcrfed in water, be* 

weight. It is of all metals the hoq 

moll fufible, excepting only tin and bilinuih. The Shcctrkad. 
plumbers call thin IheetS of lead upon a tabic or mould, 
covered with a woollen, and above this with a linen, 
cloth, without burning or fcorching the cloths. The 
melted lead is received in a wooden cafe without a 
bottom; which being drawn down the doping table 
by a man on each fide, Leaves a theet of its own width, 
and more or lefs thin according to the greater or lefs 
celerity of its defcent. for thick plates, the table is 
covered over with moiftened land, and the liquid me- 
tal conducted evenly over it, by a wooden llrike, 
which bears on a ledge at each fide. uie 

Some have preferred, for mechanic ufes, the milled Advantt- 
lead, or flatted lheets, to the call ; as being more equal, eetofmil- 
fmooth, and folid. But whatever advantage of this lt(1 lca<1 
kind the milled fort may appear to have at lirit, they P rccano115 ' 
arc not found to be very durable. \\ hen the lead 
is ftrctched between the rollers, its cavities mull ne- 
ceflarily be enlarged. '1 lie particles of metal that 
may be fqueezed into them can have no union or ad- 
helion with the contiguous particles ; and of confc- 
quence, muft be liable, from bending, blows, jarrs, 
Sec. to flan out again, and leave the ma Is fpongy and 
porous. I2II 

Lead yields the dullefl and wcakeft found of all me- Rendered 
tallic bodies. Reaumcr obferves, that it is rendered fo- fonoiont, 
norous by cafting a final 1 quantity into a fpherical or 
elliptical fegment, as in the bottom of an iron-laddlc ; 
from hence he conjectures, that the found of the fo- 
norous metals might be improved for the bells of 
clocks, &c. by giving them a limilar form. 

Though this metal very foon lofes its luftre, and tar- 
nifhes in the air, it refills much longer than iron or 
copper the combined action of air and water, before 
it is decompoled or deftroyed ; and hence it is exceed- 
ingly nfeful for many purpofes to which thefe metals 121a 
can by no means be applied . When juft become fluid, Calcined. 
lead looks bright like quickfilver ; but immediately 
contracts a varioufly coloured pellicle on the furface. 
If this is taken off, and the fire continued, a frefh pel- 
licle will always be formed, till the metal is by degrees 
changed into a dufky powder or calx. The injection 
of a little fat, charcoal-powder, or other inflammable 
matter, prevents this change, and readily revives the 
calx into lead again. It is faid, that lead, recovered 
from its calces, proves fomewhat harder and whiter 
than at firft, as well as lefs fubject to tarnifh in the 
air. 

The blackifh calx or afhes of lead become of a very Minium, 
different appearance if the calcination is continued 
with a fire fo moderate as not to melt them, and par- 
ticularly if expofed to flame. By this treatment it is 
faid that they become firft yellow ; then they arc call- 
ed ?naJftcot ox ye/low lead. This colour becomes gra- 
dually more and more intenfe, till at lafl the calx is of 
a deep red ; and then is called minium or red lead ; 
but it is certain, that by proper management this calx 
never becomes yellow, affuming a reddifh colour from 
the beginning. Too great a heat makes it irrecover- 
ably yellow 7 . It can be more eafily prepared without 
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expofure to the flame. The degree of heat neceflary 
' for converting it into minium is between 600 and 700 
of Fahrenheit. 

If inftead of keejping this calx in a continued mo- 
derate heat, it be fuddenly fufed, the matter then puts 
on a foliated appearance, changing to a dull kind 
of brick-colour when powdered, and is then called li- 
tharge. Moft of this fubftance is produced by refining 
filver with lead (fee Refining) : and is of two kinds, 
white and red. Thefe two are diftiuguiihed by the 
names of litharge of gold, and litharge of (liver. The 
molt perfect: is that called litharge of gold : the pale 
fort contains a conliderable proportion of lead in its 
metallic ftate ; and even the higheft coloured litharge 
is feldom free from a little metallic lead, difcoverable 
and feparable by melting the mafs in a crucible ; when 
the lead fublides to the bottom. 

Lead mingles in fufion with all the metals except 
iron, with which it refufes any degree of union as 
long as the lead preferves its metallic form. On con- 
tinuing the fire, the lead, fcorifying or calcining, ab- 
forbs the phlogiftic principle of the iron, and conse- 
quently promotes the calcination of that metal ; both 
being at length reduced to calces. Thefufible calx of 
lead eafdy unites with the calx of iron, and both melt 
together into an opaque brown or blackifh glafs. Cop- 
per does not unite with melted lead till the fire is rai- 
fed fo high as to make the lead fmoke and boil, and 
of a bright red heat. Pieces of copper, now thrown 
in, foon diflblve and difappear in the lead : the mix- 
ture, when cold, is brittle, and of a granulated tex- 
ture. The union of thefe two metals is remarkably 
flight. If a mixture of copper and lead is expofed 
to a fire no greater than that in which lead melts, 
the lead almoft entirely runs off by itfelf -, a repa- 
ration of which no other example is known. What 
little lead is retained in the pores of the copper, may 
be fcorified, and melted out, by a fire confiderably lefs 
than is fufRcient to fufe copper. If any of the copper 
is carried off by the lead, it fwims unmelted on the 
furface. 

Gold and filver are both diflblved by lead in a flight 
red heat. They are both rendered extremely brittle 
by the minutefl quantity of this metal ; though lead is 
rendered more duclile by a fmall quantity of either of 
them. In cupellation, a portion of lead is retained by 
gold, but filver parts with it all. On the other hand, 
in its eliquation from copper, if the copper contains 
any of the precious metals, the filver will totally melt 
out with the lead, but the gold will not. The attrac- 
tion of lead to copper, however flight, is greater than 
that of copper to iron : a mixture of copper and iron 
being boiled in melted lead, the copper is imbibed by 
the lead, and the iron thrown up to the top. Silver 
is in like manner imbibed from iron by lead ; whilft 
tin, on the contrary, is imbibed from lead by iron. 
If two mixtures, one of lead and tin, and another of 
iron and Iilver, be melted together, the refult will be 
two new combinations, one of the tin with the iron at 
the top, the other with the lead and Iilver at th< bot- 
tom : how carefully foever the matter be ftirred and 
mixed in fufion, "he two compounds, when grown 
codd, are found diftinct, lb as to be parted with a blow. 
This metal is foluble in alkaline lixivia and expref- 



fed oils. Plates of lead boiled in alkaline lixh jj, have 
a final 1 part diiiblved, and a conliderable : quantity cor- 



Tin. 
roded : the folution flains hair black. Lead, fufed c i 1 ?, • 

• 1 . , , i- r 1 • • , , '. Soluble in 

v. itn fixed alhalme fans, is m part corroaed into a a ikalic~ui.d 
dark-coloured fcoria, which partially diliolves in wa- in oils, 
ter. Exprelied oils diflblve the calces of lead, by boil- 
ing, in fuch large quantities as to become thick and 
coniiltent : hence plalters, cements for water-works, 
paint for preferving nets, &c. Acids have a greater 
athnity with leads than oils have. If the common pla- 
iter, compofed of oil and litharge, be boiled in diitil- 
led vinegar, the litharge will be diiiblved, and the oil 
thrown up to the top. The oil thus recovered, proves 
foluble like eifential oils in fpirit of wine ; a pheno- 
menon firll taken notice of by Mr Geoffroy. 

§ 6. T 1 x. 

The colour of this metal refembles filver, but is 
fomewhat darker. It is fofter, lefs elaftic, and fo- 
norous, than any other metal except lead. When 
bent backwards and forwards, it occalions a crackling- 
found, as if torn afunder. It is the lighteft of all the 
malleable metals, being little more than feven times 
fpecifically heavier than water. The tenacity of its 
parts alio is not very conflderable ; a tin wire of T *_ 
of an inch diameter being able to fupport only 40^. 
pounds. I2I? 

Tin is commonly reckoned the leafl duflile of all Capable of 
metals except lead -, and certainly is fo, in regard to being beat 
du&ility into wire, but not in regard to extenlibility mta thin 
into leaves. Thefe two properties feem not to be fo leaves - 
much connected with one another as is generally ima- 
gined. Iron and fleel may be drawn into very fine 
wire, but cannot be beat into leaves. Tin, on the 
other hand, may be beat into very thin leaves, but 
cannot be drawn into wire : gold and filver poffefs 
both properties in a very eminent degree ; whilft 
lead, notwithftanding its flexibility and foftnefs, can- 
not be drawn into fine wire, or beat into thin leaves. It 
melts the moft eafily of all the metals ; about the 
430th degree of Fahrenheit's thermometer. Heated 
till almoft ready to melt, it becomes fo brittle that 
large blocks may be eafily beat to pieces by a blow. 
The purer fort, from its facility of breaking into long 
fhining pieces, is called grain-ti?i. Melted, and nim- 
bly agitated at the inftant of its beginning to congeal, 
it is reduced into fmall grains or powder. I2I g 

With the heat neceflary for fufion, it may alfo be Calcined, 
calcined ; or at leafl fo far deprived of its phlogiflon 
as to appear in the form of a grey calx, which may 
be entirely reduced to tin by the addition of inflam- 
mable matter. The calcination of tin, like that of 
lead, begins by the melted metal lofing its brightnefs, 
and contracting a pellicle on its furface. If the fire is 
raifed to a cherry-red, the pellicle fwells and burfts, 
difcharging a fmall bright flame of an arfenical fmell. 
By longer continuance in the fire, the metal is con- 
verted firft into a greyifh, and then into a perfectly 
white calx, called putty, which is ufed for polifhing 
glafs and other hard bodies. 

The calx of tin is the moft refraclory of all others. 

Even in the focus of a large burning mirror, it only 

foftens a little, and forms cryftalline filaments. With 

Y 2 glafs 
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(fee Glass and Ex a- 

ithor of the Chemical Dictionary rc- 
ifed very pure tin, fmgly, to a 
■ a glafs-houfc furnace, during 
ler a muffle, in an uncovered tell, and 
. imincd it, the metal wa^ found covered 
with dingly white calx, which appeared to 

formed a vegetation ; under this matter was a 
:i caix, and an hyacinthinc glafs ; and laftly, at 
the bottom was a piece of tin unaltered. The expe- 
i ral times repeated with the fame luc- 
re deflagrates with tin, and haftens the calcina- 
tion of this as well as of other imperfect metals. The 
rs which rife from tin, by whatever method it 
is calcined, have generally an arfenical fmell. Tin 
niched witli arfenic falls in great part into a whitilh 
: the part which remains uncafcined proves very 
brittle, appears of a white colour, and a Iparkling 
d texture, greatly rcfembling zinc. The arfenic 
':igly retained by the tin, fo aslearcely to befepa- 
rableby any degree of tire ; the tin always d if cover- 
by its augmentation in weight, that it holds a par- 
ol arfenic, though a very intenfe fire has been 
Hence, as the tin ores abound in arfenic, the 
common tin is found alfo to participate of that mi- 
neral. 

llenckcl difcovercd a method of feparating actual 
arfenic from tin ; namely, by (lowly dillblving the tin 
in eight times its quantity of an aqua-regia made with 
tunoniac, and fetting the folution to evaporate in 
a gentle warmth : the arfenic begins to concrete whillt 
quor continues hot, and more plentifully on its 
. ing cold, into white cryftals. M. Margraaf, in 
the Berlin Memoirs for 174b, has given a more par- 
ticular account of thisprocefs. He obferves, that the 
white fediment which at rirlt feparates during the dif- 
ion, is chiefly arfenical; that Malacca tin, which 
ouuted one of the pureft forts, yielded no lefs 
than - th its weight of arfenical cry ftals ; thatfome forts 
yielded more ; but that tin extracted from a particular 
. , which contained no arfenic, afforded none. 
That the cryftals were truly arfenical, and appeared from 
their being totally volatile; from their fubliming (a 
little fixed alkaline (alt being added to abforb the 
into a colourlefs pellucid concrete; from the 
rue, laid on a heated copper-plate, exhaling in 
of a garlic fmell ; from its ftaining the copper 
white : and from its forming, with fulphur, a com- 
I limilar to the yellow or fulphurated arfenic. 
hat the arfenic was feparable alfo by means 
of mercury ; an amalgam of tin being long triturated 
, and the powder which was warned off 
committed to diftillatfon, a little mercury came over, 
:ical rlowers arofe in the neck of the 
that the crackling uoife 
of tin in bending may poliibly arife from its arfenic ; 
ife operations which are laid to feparate arfenic 
the metal, lik< ve i: of this proper 

d, in any proportion, with all me- 
. abfolutcly deftroys their due:. 
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far lefs than thai in 'l_ll r ' ^ 

which iron itfelf melta ; the compound is white and 1 

brittle. 1 id and tin, takes Injuiiousto 

up the tin, leaving the lead at the bottom ; and 111 like other mt - 

manner, if lead, tin, am ire melted together, *"■• 

the addition of iron will abforb all the tin, and the tin 

only. Henceaneafy method of purifying lilver from 

tin. 121J, 

Tin notwithftanding it is, like lead, foon deprived Not liable 
of its luitrc by expofure to the air, is nevertheless t0 rult - 
much lets liable to ruft than either iron, copper, or 
lead; and hence is advantageouily ufed for covering 
over the inlidts of other metalline vellels. The amal- 
gam of mercury and tin is employed to cover one of 
the furfaces of looking-glatles ; by which they are ren- 
dered capable of redecting the rays of light. The 1224 
amalgam alfo, mixed with fulphur and fal ammoniac, Aurum 
and fet to fublime, yields a Iparkling gold-coloured mofaicum. 
fubftancc called aurum mofaicum ; which is lometimes 
tiled as a pigment. This preparation is commonly 
made from quicklilvcr and tin, of each two parts, 
amalgamated together ; and then thoroughly mixed 
with fulphur and fal ammoniac, of each one part and 
a half. The mercury and fulphur unite into a cinna- 
bar, which fublimes along with the fal ammoniac; 
and, after fublimation, the aurum mofaicum remains 
at the bottom. 

Sulphur may be united with tin by fnfion ; and forms 
with it a brittle mafs, more difficultly fulible than pnre 
tin. Sulphur has, in this refpecr., the fame effect up- 
on tin as upon lead. The allay of tin leirens the fufi- 
bility of thefe very fufible metals, while it increafes 
the fulibility of other difficultly fulible metals, as iron 
and copper. 

\ 7. Mercury or Quicksilver. 

Mercury is a fluid metallic fubftance, of a bright 
filvcr colour, rcfembling lead or tin when melted ; en- 
tirely void of tafte and fmell \ extremely diviiible, and 
congealable only in a degree of cold very difficultly 
produced, in this country, by art (fee Cold and Con- I25 ,, 
gelation). It is the moft ponderous of all fluids, Heavier in 
and of all known bodies, gold and platina excepted ; wiiucrthan 
its fpecitic gravity being to that of water nearly as 14 in fnninier. 
to 1. it is found to be ipcciiically heavier in winter 
than in fummcr by 25 grains in 11 ounces 

Neither air nor water, nor the united aclion of thefe 
two, feem to make any impreffion upon mercury : nor 
is it more fufceptible of ruft than the perfect metals. 
Its furface, neverthelefs, is more quickly tarnilhed 
than gold or filvcr ; becaufe the dull which floats in 
the air, quickly feizes on iis furface. The watery va- 
pours alfo, which Moat in the air, feem to be attrac- 
ted by mercury. I22(j 

From thefe extraneous matters, which only (lightly Purifica- 
adhcre to it, mercury may be eafilv cleanfed by pa/- tion. 

il through a clean new cloih, and afterwards 
heatingit: but if mixed with any other metal, no fe- 
paration can be effected wiihout dillilla ; h i s 

fs, a fmall portion of fome 01 the me:als gene- 
rally arifes along with the mercury. Thus, quicklil- 
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ver diftilled from lead, bifmuth, or tin, appears lefs 
bright tiia.ii before ; flains paper black ; fometimes ex- 
hibits afkinupoa thefurface ; and does not run freely, 
or into round globules. Mr Boyle relates, that he has 
obferved the weight of mercury feniibly increaled 
by diftillation from lead, and this when even a very 
moderate lire was made ufe of. By amalgamation 
with ftellated regulus of antimony, and then being 
diltilled after a few hours digeition, mercury is faid to 
become, by a few repetitions of the procefs, more 
ponderous, and more active. The animated, or phi- 
lofbphic mercuries of fome of the alchemifts, are fup- 
pofed to have been mercury thus prepared. By the 
fame, or fimilar proceifes, feem to have been obtained 
the curious mercuries which Boyle declared he was 
poiTelfed or, and made himfelf ; which were " confi- 
derably heavier in fpecie than common quickfilver, — 
diiiblved gold more readily, — grew hot with gold, fo 
as to be orFeniive to the hand, and elevated gold in 
diftillation." When quickfilver is to be diftilled, it is 
proper to mingle it with a quantity of iron-filings ; 
which have the property of making it much brighter 
than it can be otherwife obtained, probably by furmlh- 
ing phlogifton. 

By digeftion in a ftrong heat for feveral months, 
mercury undergoes a confiderable alteration, changing 
into a powder, at firft a (h- coloured, afterwards yel- 
low, at length of a bright red colour, and an acrid 
tafte ; and is then called mercurius prucipitatus p:r fc. 
In this laft ftate it proves fimilar to the red precipi- 
tate, prepared from a folution of mercury in nitrous 
acid. This calx proves lefs volatile in the fire than 
the mercury in its fluid ftate. It fupports for fome 
time even a degree of red heat. In the focus of 
a burning mirror, it is faid to melt into glafs when 
laid upon a piece of charcoal, and to revive into 
running mercury before it exhales. Evaporated by 
common fire, it leaves a fmall portion of a light brown 
powder; which, Boer haave relates, boreablaft-heat ; 
fwelled into a fpongy mafs ; formed with borax a vi- 
treous friable fubftance ; but vaniflied in cupellation. 
By a long continued digeftion in a gentle heat, mercury 
fuffers little change. Boerhaave digefted it in low 
degrees of heat, both in open and clofe veffels, for 
15 years together, without obtaining any other re- 
ward for his labour than a fmall quantity of black pow- 
der ; which, by trituration, was quickly revived into 
running mercury. Conftant triture, or agitation, pro- 
duce a change limilar to this in a lhort time. Both 
the black and red powders, by bare expofure to a fire 
fufficient to elevate them, return into fluid mercury. 
The red powder has been revived by limply grinding 
it in a glafs mortar. 

In like manner, quickfilver remains unchanged by 
diftillation. Boerhaave had the patience to diftil 18 
ounces of mercury upwards of 500 times over, with- 
out obferving any other change than that its fluidity 
and fpecifk gravity were a little increafed, and that 
fbme grains of a fixed matter remained. The vapours 
of mercury, like thofe of all other volatile bodies, 
canfe violent explofiotis if confined. Mr Hellot gives 
an account of his being prefent at an experiment of 
this kind : a perfon pretending to fix mercury, had 
inclofed it in an iron box clofely welded. When the 



mercury was heated, it bur ft the box, and diilTpated Mercury 
in invilible vapours. or quick- 

Mercury diilblvesor unites with all metallic bodies, . r ^ 
except three, viz. iron, arfenic, and nickel: in fome 1232 
cafes it will abforb metals, particularly gold and lilver, Amalga- 
from their folutions in acids or alkalies ; but does not mated with 
aft upon any metal when combined with fulphur, nor f l trf^ ent 
on precipitates made by alkalies, nor on calces by fub " ances * 
fire. Whatever metal it is united with, it conftantly 
preferves its own white colour. It unites with any 
proportion of thofe metallic fubftances with which it 
is capable of being combined ; forming, with different 
quantities, amalgams of different degrees of conflu- 
ence. From the fluid ones, greateft part of the quick- _ 
filver may be feparated by colature. Bifmuth is fo 
far attenuated by mercury, as to pafs through leather 
with it in confiderable quantity. It alfo promotes the 
action of quickfilver upon lead to a great degree ; \o 
that mercury united with 1, i., or T % its weight of 
bifmuth, diflblves maffes ol lead in a gentle warmth, 
without the agitation, triture, comminution, or melt- 
ing heat neceflary to unite pure mercury with lead. 
From thefe properties, this folution of bifmuth in mer- 
cury becomes a proper folvent for pieces of lead lod- 
ged in the human body. I2 ..„ 

On triturating or digefting amalgams for a length Separation! 
of time, a blackifh or dufky coloured powder arifes ^f the 2- 
to the furface, and may be readily warned off by wa- malgama-- 
ter. Some of the chemifts have imagined, that the ted tnetai *- 
amalgamated metal was here reduced to its conftituent 
parts : but pure mercury is by itfelf reducible to a 
powder of the fame kind; and the metallic particles 
in this procefs, united with the mercury, are found to 
be no other than the metal in its entire fubftance. 
Some metals feparate more difficultly than others ; 
gold and filver the moft fo. Boerhaave relates, that 
if the powder which feparates from an amalgam of 
lead be committed to diftillation with vinegar in a 
tall veffel, the mercury will arife before the vinegar v 
boils; that, by a like artifice, quickfilver may be made 
to diftil in a lefs degree of heat than that of the hu- 
man body : but Dr Lewis, though he made many- 
trials, was never able to fucceed. 

By amalgamation with gold, mercury may become Becomes 
exceedingly fixed ; foasnottobediflipableby the great- fixed by a— 
eft heat. Concerning this, Dr Brandt relates the fol- malgama— 
lowing curious experiment : " Having amalgamated tion with 
fine gold with a large proportion of quickfilver, and S old ' 
ftrained off the fuperfluous mercury, he digefted the 
amalgam in a clofe flopped velfel for two months with 
fuch a degree of heat, that a part of the quickfilver 
fublimed into the neck of the glafs. The matter be- 
ing then ground with twice its weight of fulphur, and 
urged with a gradual fire in a crucible, a fpongy calx 
remained; which being melted with borax, and after- 
wards kept in fufion by itfelf for half an hour, in a 
very violent fire, ftill retained fo much of the quick- 
filver as to become brittle under the hammer, and 
appear internally of a leaden colour. The metal be-- 
ing again amalgamated with frefh mercury, the amal-- 
gam again ground with fulphur, and expofed to an in- 
tenfe fire, a fpongy calx remained as before. This 
calx being digefted in two or three frefh parcels of 
aqua-regia ; a fmall portion of whitith matter remain- 
ed 
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erformed, 

i ular 

. \\ 1111 a finallf :;:i fide ; 

in 111c lame 111.. 

, gave no (lain, 
lion "i v > 1 1 of tartar per 
i as blood ; on ftanding, it dcpoli- 
tcJ, lint, a little ) cllow calx, likcauruni tulmiuans ; ai- 
ards, a bright matter like line gold ; and at lalt, a 
paler precipitate, inclining to green ; its own deep red 
d tranfparency remaining unchanged. Be- 
ing aow committed to dillillation, a colourlefs liquor 
, and the refiduum, perfectly exliccated, yield- 
ed, on edulcoration, a ycilowcalx of gold ; which the 
alakaline lixivium had been unable toprecipitate. The 
fecond fulution turned green on the admixture of the 
alkaline liquor, and let tall a white precipitate, which 
turned black and brown. The feveral precipitates 
were calcined with twice their weight of" fulphur, and 
then melted with four times their quantity of Hint, and 
twelve of pot-alh, in a fire vehemently excited by bel- 
lows. The fcoria appeared of a golden colour, which, 
on pulverization and edulcoration, vanished. At the 
bottom was a regtilus, which looked bright like the 
purcftgold j but was not perfectly malleable. Br< 
it appeared internally while ; and the white part a- 
mounted to at lealt one-third its bulk Belides this 
lump of metal, there were feveral others, white like 
lilver, ami loft as lead." 

In Wilfon's chcmiltry, we have a procefs for con- 
verting quicklilver into water, by dropping it by little 
and little into a tall iron vell'el, heated almoit to a white 
heat in the bottom. Over the mouth of this veffel 
were luted feven aludels ; and on the top, a glafs alem- 
bic head, with a beak, to which was fitted a receiver. 
The mercury was put in fo ilowly, that it required 
16 hours for one pound. Every time that a little 
quantity of mercury was put in, it made a great noife, 
filling the aludel's head and receiver with white 
fumes. When the veilels were cooled, a little water 
was found in eacli of the receivers, and in the firft 
and fecond lome grains of crude mercury. The 
whole quantity amounted to 13 ounces and 6 drachms; 
which was expected to prove a powerful folvent of 
gold and lilver : but, on trial, was found to be in no 
refpect different from common water. On this ex- 
periment Dr Lewis has the following note. 

" The poffibility of converting mercury into wa- 
ter, or at leaft of obtaining a great quantity of water 
from mercury, has not only been believed by feveral 
great men in the chemical art, but fome have even 
ventured to alien that they have actually made this 
change. Yet, nevenhelefs, they have delivered the 
hiftory of this affair with fuch marks, as feem to make 
the reality of the change extremely doubtful. Mr 
Boyle (in his tract: of the produciblenefs if Chemical 
, annexed to Scept. Chenufl. p. 235 ) fays, 
" that he once obtained water from mercury without 
ment, w ithout being able to make the like ex- 
lucceed afterwards." M. Le Febure, who 
crally looked upon as an honeft practitioner, 
s fimilar to that above (\\ ilfon's), for 
ing of this mercurial water. But it is to be fu- 
.', ... Mr Hales very well obferves (in his Sta- 



ts, p. 2go.), that Mr Boyle and others m 
were deceived b) lome unheeded circumftance, whenorqaick- 

they thought they obtained a water from n cretin , j' lvrl j 
which lhotdd feem rather to hav< anlcn from the lute 
and earthen vclfels made ufe of in the dillillation : 
lr Hales could not lint! the kali flgn ot any moi- 
ftuie upon dillilling mercury in a retort made of an 
iron gun-barrel, with an intenfc degree ot heat; al- 
though he frequently cohobated the mercury which 
came over into the recipient. " In a courfe of chemi- 
cal experiments, I repeated Mr Hales's procefs, and 
urged the mercury, which was let fall by little and 
little, through an aperture made in the gun-barrel, with 
a moll intenfe degree of heat, Without obtaining any 
water; but it being fufpecled by a byftander, that the 
mercury in this experiment came over before it had 
been fufficiently acted upon by the fire, by reafbn of 
the lownefs of the neck of the diftilling inflrumcnt, 
the experiment was varied in the following manner. 
Sixteen ounces of mercury were heated in a crucible, 
in order to evaporate any moifhtrc that might have 
been accidentally mixed with it ; and an iron gun- 
barrel of four feet in length, being placed perpendi- 
cularly in a good furnace, and a glals-hcad and reci- 
pient fitted to its upper part, the mercury was let fall 
by little and little into the barrel, and the fire urged 
with bellows. After each injection, the mercury 
made a conliderable noife and ebullition, and arofe 
into the head ; w here it loon condenfed and trickled 
down, in the common form of running mercury, into 
the recipient, without the leaft perceptible appear- 
anceof any aqueous humidity." 1237 

Mercury is difficultly amalgamated with regulus of How to 
antimony and copper; for which fome particular ma- anial g a <e 
ucenvresare required. Two of Dr Lewis's receipts for w l 
uniting quicklilver with copper, we have-already given mony 
(n°H53.) : with regulusof antimony, mercury, he fays, 
may be perfectly united, by pouting a fmall itream of 
melted regulus into a conliderable portion of mercury, 
made almofl boiling hot. Another method directed 
by Henckel, is to put mercury into an iron mortar 
along with fome water, and fet the whole over the 
fire. When the water boils, a third or fourth part of 
melted regulus is to be poured in, and the mafs 
ground with a peftle, till the amalgam is completed. 
The ufe of the water, as Dr Lewis obferves, is to 
hinder the mercury from flying off by the heat of the 
regulus : but as the two are by this means not put 
together in fo hot a ftatc, the union is more difficult, 
and lefs perfect. The lofs of the mercury, in the firft 
procefs, may be prevented by nfing a large veilcl, and 
covering it with a perforated iron-plate, through the 
hole in which the regulus is to be poured. This me- 
thod is likewife applicable to the amalgamation of 
copper. 

With fnlphur, mercury unites very readily, form- 

ing by trituration, or fimple fnfion, a black powder 

or mafs, called Ethiops mineral ; which, by careful fub- 

limation, becomes the beautiful red pigment called 

'ion. (Sec Sulphur, feet. iv.). 

The extenfive ufe of mercurius dulcis in medicine Prepare 
has rendered it an object to chemiits to lint! out fome tion* of 
method of preparing it with lefs expencc and trouble, niercurius 
and with more certainty of its effects, than it can be by (luIciS,n 
the methods hitherto mentioned. Thij is now accom- ' e m 
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pliihed through the induflry of Mr Scheele, to whom 
chemiflry in general has been fo much obliged. His 
method is as follows : 

" Take half a pound of quickfilver, and as much 
pure common aquafortis. Pour it into a fmall cucur- 
bit with a pretty long neck, flop the mouth with a 
little paper, and put it into warm land. Some hours 
afterwards, when the acid appears no longer to act 
upon the quicklilver, the fire is to be augmented fo as 
to make the folution nearly boil. This heat is to be 
continued for three or four hours, and the veifel now 
and then to be lhaken. Towards the end, regulate 
the heat in fuch a manner that the folution (hall gently 
boil for a quarter of an hour. In the meantime, dif- 
Iblve 4^ ounces of pure common fait in fix or eight 
pounds of water ; pour this folution, (till boiling, in- 
to a glafs veflel, and immediately afterwards mix with 
it the abovementioned folution of quicklilver, which 
alfo muft be boiling, in fmall quantities at a time, with 
conftant agitation. When the precipitate has fettled, 
decant oft' the clear liquor, and pour hot water again 
on the precipitate, with which it is to be edulcorated 
till the water {landing upon it fhall be entirely tafte- 
lefs. Put the whole, obtained by thefe means, toge- 
ther, filter and dry it in a mild heat." 

On this procefs it is remarked, that when the quick- 
filver no longer efFervefces with the acid, one would 
imagine that afaturation had taken place. But this is 
far from being the cafe. By increasing the heat the 
folution is flill able to diffolve a great quantity ; with 
this difference, however, that, whereas the quicklilver 
in the beginning is calcined, a great deal of it after- 
wards, in a metallic form, is diffolved, as appears 
from this, that not only no more elaflic vapours a- 
fcend ; but alfo, that with fixed and volatile cauftic al- 
kalies, a black precipitate is obtained ; otherwife, when 
the folution contains only calcined quicklilver, the 
precipitate is yellow. If the black precipitate ' be 
gently diftilled, quickfilver arifes, and there remains a 
yellow powder, which is that part of the metal that 
was calcined by the nitrous acid. The fire niuft at 
any rate be augmented, in order to keep the mercu- 
rial calx diffolved, the compound of this metal and 
nitrous acid being extremely apt to cryflallize even in 
the heat. There commonly remains fome undiflblved 
quickfilver; but it is -always better to take too much 
than too little ; for the more metal the mercurial folu- 
tion contains, the more mercurius dulcis is obtained at 
laft. The quantity here mentioned ufually produces 
84. ounces of mercurius dulcis. The mercurial folu- 
tion muft be cautioufly poured into that of fea-falt, 
that no mercury may follow. Two ounces of fait 
would be fufficient for the precipitation of all the 
quickfilver; but when fo fmall a quantity is ufed, it 
may eafily happen, that fome fuperabundant corrofive 
fublimate may adhere to the precipitate, which water 
alone is incapable of entirely feparating. Among other 
advantages this method of making mercurius dulcis 
pofTefTes, it is none of the leafl, that the powder is 
much finer than any to which it can be reduced in the 
common way by trituration, however long continued. 

§ 8. Zinc. 

This is a femimetal of a bluilh white colour. It is 
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the leafl brittle of any of the femimcials ; and when 
amply fupplied with phlogiflon, which may be done 
by treating it in clofe veflels with inflammable mas- 
ters, itpofleffes a femiduclility, by which it may be flat- 
tened into thin plates. When broken, it appears formed 
of many flat fhining plates or facets, which are larger 
when flowly than when haflily cooled. When heat- 
ed, it is very brittle; and crackles like tin, only loud- 
er, when bent. Expofed to the air, it contracts in 
length of time a yellowifh rufl. Its fpecific gravity, Deflagra- 
according to Dr Lewis, is to that of water as 7 ^ to 1. tion. 
It begins to melt as foon as red-hot ; but does not 
flow thin till the fire is raifed to a white heat. Then 
the zinc immediately begins to burn with an exceed- 
ingly bright and beautiful flame. Keptjuftin fufion, 
it calcines flowly ; not only on the upper furface, 
but likewife round the fides, and at the bottom of 
the crucible. If feveral pieces are juft melted to- 
gether, the mafs, when grown cold, may be broken 
into the fame number ; their union being prevented 
by a yellowifh calx, with which each piece is covered 
over. M. Malouin relates, in the French Memoirs 
for 1742, that a quantity of zinc being melted fix 
times, and the fuiion continued fifteen hours each 
time, it proved, on every repetition, harder, more 
brittle, lefs fufible, and lefs calcinable ; that after the 
two firfl fufions, its colour was grey ; after the third, 
brown ; and after the fourth, black ; that the fifth 
rendered it of a flate-blue ; and the fixth of a clear 
violet. I24I 

So violent is the deflagration of zinc, that the whole Flowers of 
of its calx is fublimed by it, in the form of light flocks zine - 
of wool ; which, however, are eafily reduced to a 
fine powder. Thefe are ufed in medicine, and reck- 
oned an excellent remedy in epileptic cafes. When 
once fublimed, they are by no means capable of be- 
ing elevated again by the mofl violent heat. In a 
heat far greater than that in which they firfl arofe, 
they fuffer no alteration ; in a very vehement one, 
they melt, according to Henckel, into a femiopaque 
green glafs. Vitrified with borax, they give a grey, 
or brownifh, glafs. Erom the brightness of the flame 
of burning zinc, and the garlic fmell which it is faid 
to emit, fome have concluded that zinc contained the 
phofphorine acid ; which, from fome other circum- 
flances, is not altogether improbable. I2 

The flowers of zinc have been thought very diffi- Dr Lewis's 
eultly, or not at all, reducible to their metallic form method of 
by an addition of phlogiflon. But Dr Lewis obferves, reducing 
that this difficulty proceeds not from their unfitnefs to be tliem * 
reftored into the. form of zinc, but from the volatility of 
the femimetal, which occafions its being diflipated in 
fumes, if the common methods are made ufe of. All 
calces, thefe of iron excepted, require a greater heat 
for their fuiion than that in which the metal itfelf 
melts ; and as a full melting heat is the greatefl that 
zinc can fuflain, it burns and calcines the inflant of 
its revival, if the air is admitted ; and in clofe veflels 
efcapes, in part at leaft, through their pores. On 
mixing flowers of zinc with powdered charcoal, and 
urging them with a flrong fire in a crucible, a defla- 
gration and frefh fublimation enfue : fufficient marks 
that the zinc has been reduced to its metallic form ; 
for as long as it remains in the flate of calx, neither 
of thefe efFe&scaii happen. If the veflel is fo con- 
trived 
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1 ad be preferved in its metallic! 

dually detained 1 metallic 

. ; with which the zinc, when 
d, unites ..iily and perfectly than 

other means. 
Homberj obtain an oil from the 

flowei , by diflblving them in diftilled vine- 

nd then diflilling the folution in aglafs retort. 
quantity of phlegm arofe ; then the fixper- 
fltious acid ; and at lalt an empyreumatic oil. This 
lii.h Hombei ted to proceed from the 

, New mann very juftly attributes to the 
diftil ar. 

An oil of another kind was obtained by Mr Hcl- 
iot from the above folution, by digefting the afli-co- 
Ircliduum, which remained after the diftiila- 
with the acidulous phlegm which came over, for 
or ten days; dHtiliing ihe tincture to drynefs ; 
iting the extraction with the diftilled liquor, 
till th ity of dry extract thus obtained was 

very ole. This relin-like matter, diftilled 

- with a ftronger fire, yielded a yellowifh 
fubltmatc The liquor difcovered 
1 oil , but, upon being palled upon the fub- 
limatc, immediately diflblved it, and then exhibited 
on the In: al drops of areddilh oil. Some of 

this oi :en up on the point of a pencil, and ap- 

d lilver-leaf. In twenty-four hours 
the parts touched appeared, in both, equally diflblved. 
Zmc does not unite in fufion with bifmuth, or the 
femitnet;:l called nickel. It unites difficultly with 
fo with copper; eafier with the other me- 
rs iron or copper more ealily fufible j 
and, like itfelf, brittle whil ft hot, though confiderably 
m . ; ll( 1 cold. It brightens the colour of iron 

almoft into a filver hue, and changes that of copper 
l yellow or gold colour. It greatly debafes the 
I renders near an hundredth part of 
moft ductile metal brittle and untraceable. _ A 
mixture of equal parts of each is very hard, while, 
and bears a fine polilli ; hence it is propofed by Mr 
Hellot for making fpecula. It is not fubjetf to ruft 
or tarnilh in the air, like tliofr metals whole balls is 
copper. It improves the colour and luftre of lead and 
tin, renders them firmer, and confequently fitter for 
d mechanic ufes. Tin, with a fmall proportion 
of zinc, forms a kind of pewter. Lead v. ill bear an 
equal weight, without loling too much ot its malle- 
ability. Maoluin obferves, that arfenic, which whi- 
tens all other metals, renders zinc black and friable ; 
t'.u; when the mixture is performed in clofe velTels, 
tie aromatic odour is perceived on opening 
them; that zinc amalgamated with mercury, and af- 
terwards recovered, proves whiter, harder and more 
e than before, and no longer crackles on being 

bcnT - 1 1 r J 

\turesof zinc with other metals, expofed to a 

ftronf fire, boil and deflagrate more violently than 

zinc by itfelf. Some globules of the mixture are oiii- 

allv thrown off during the ebullition, and fome part of 

ied and volatilized by the burning zinc l 

1 



1 this fub:. Bifmuth. 

I not entin 

1 
1 lie furnaces • 
, 1 copper and zin< found to 

parti l metal. ' 

zinc feparatel) . ' e > a C«m 01 1 a 

t dctonath 11 immcuiatel) 1 unitcdwith 

he mixture is thrown al out in fulphur. 

c does not unite in the kail with fulphur, or 
with crude antimony, which fcoiify all other fub- 
ftances except gold and platira ; nor with an por- 
tions of fulphur and fixed alkaline falls, v hich dillolve 
gold itfelf. With nitre it deflagrates violently. Its 
flowers do not fenfibly deflagrate ; yet alkalizt double 
their weight of the fait move readily than the zinc J240 
itfelf. The alkalinemafs appears externally greet :iih, Nitre alka> 
internally of a purple colour. It communicates afinclieedby 
purple to water, and a red to vinegar. The acetous Govern of 
tincture infpiifated, leaves a tenacious fubftance which E1 " c - 
foon runs in the air into a dark red caullic liquor, the 
alkali eft of fome of the pretended adepts. 

§ 9. B 1 s m v T ;/. 

This femimetal, called, alfo titig/afs, and by fome 
naturalifts marcafita officinarum, is fomewhat limilar 
to the regulus of antimony. It appears to be com- 
pofed of cubes formed by the application of plates 
upon each other. Its colour is lefs white than that of 
regulus of antimony; and has a reddilh tinge, parti- 
cularly when it is expofed to the air. In fpecificgra- 
vity it approaches to filver ; being nearly ten times 
heavier than water. It has no degree of malleability ; 
breaking under the hammer, and being reducible by 
trituration to fine powder. It melts a little later than 
tin, and fecms to How the thinneft of all metallic 
fubftanccs. Bifmuth is femivokuile, like all other 12£0 
fcmimetals. When expofed to the fire, flowers rife Convert- 
from it ; it is calcined ; and converted into a litharge ible into 
and glafs nearly as lead is; (See Glass). It may ll, ' iar | g< : 
even be employed, like that metal, in the purification and S la *- 
of gold and filver by cupellation. (Sec Reuning). 
When in fufion, it occupies lefs volume than in its fo- 
lid ftate : a property peculiar to iron among the me- 
tals, and bifmuth among the fcmimetals. It emits 
fumes in the fire as long as it preferves its metallic 
form ; when calcined or vitrified, it proves perfectly 
fixed. IajI 

Bifmuth mingles in fufion w ith all the metalline fub- Promotes 
ftances, except regulus of cobalt and zinc. 1 he ad- the fufioc 
dition of nickel or regulus of antimony, renders it of all the 
mifcible with the former, though not with the latter mttal, » 
It greatly promotes the tenuity as well as facility of 
the fufion of all thofe metals with w hich it unites. It 
whitens copper and gold, and improves the colour of 
fome of the white metals: mixed in confiderablc quan- 
tity ; it renders them all brittle, and of a flaky ftruc- 
ture like its own. If mixed with gold or User, 1 
heat that is but juft fuflkiem 10 melt the mixture, will 
prefently vitrify a part of the 1 h, ha- 

ving then no action on thofe perfect metals, feparates, 
and glazes the crucible all round. 
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This femimetal, when pure, and well fufed, is of 
a white Shining colour, and conliils of laminae applied 
to each other. When it has been well melted, and 
not too haltily cooled, and its furface is not touched 
by any hard body during the cooling, it exhibits the 
perfect figure of a (tar, confuting ot many radii hilling 
from a centre. This proceeds from the difpofiiion that 
the parts of this femrmeta) have to arrange themfelves 
in a regular manner, and is iimilar to the crystalliza- 
tion of falts. 

Regulus of antimony is moderately hard ; but, like 
other femimetals, it has no ductility, and breaks in 
fin all pieces under a hammer. It lofes 1 of its weight 
in water. The action of air and water destroys its 
luStre, but does not ruft it fo effectually as iron or cop- 
per. It is fufible with a heat fufllcient to make it red 
hot ; but when heated to a certain degree, it fumes 
continually, and is diflipated in vapours. Thefe fumes 
form what are called the argentine flowers of regulus 
of antimony, and are nothing but the earth of this fe- 
mimetal deprived of part of its inflammable principle, 
and capable of being reduced to its reguline ftate by 
an union with this principle. 

There are different methods of preparing the regu- 
lus of antimony ; but all of them contitt merely in Se- 
parating the fulphur which this mineral contains, and 
which is united with the regulus. It is plain, there- 
fore, that regulus of antimony may be made by an ad- 
dition of any fubitance to crude antimony in fuflon, 
which has a greater attraction for fnlphur than the re- 
gulus iifelfhas. For this purpofe, alkaline falts have 
been employed, either prcvioufly prepared, or extem- 
poraneously produced in the procefs, by a deflagration 
of tartar and nitre. By this means, the fulphur was 
indeed abforbed ; but the hepar fulphuris, formed by 
the union of the fulphur and alkali, immediately dif- 
folved the regulus, fo that very little, fometimes none 
at all, was to be obtained diftinct from the fcoria. Me- 
tals are found r.) anfwer better than alkaline (alts, but 
the regulus is Seldom or never free from a mixture of 
the metal employed. The way of obtaining a very 
pure regulus, and in great quantity, is to calcine the 
antimony in order to diliipate its fulphur; then to 
mix the calx with inflammable matters, fuch as oil, 
foft foap, &c. which are capable of restoring the 
principle of inflammability to it. This method was 
invented by Kunckel. Another, but more expen- 
sive way of procuring ,1 large yield of very pure regu- 
lus, is, by digciling antimony in aqua-regis, which dif- 
folvcs the reguline part, leaving the fulphur untouched, 
precipitating the folnuou, and afterwards reviving the 
precipitate by melting it with inflammable matters. 

There are conliderable differences obferved in the 
regains of antimony, according to the different fub- 
ftances made ufe of to abforb the fulphur. When 
prepared by the common methods, it is found to be 
very difficultly amalgamated with mercury ; but Mr Pott 
has difcovcred, that a regulus prepared with two or five 
parts 01 iron, four of antimony, and one of chalk, rea- 
dily unites with mercury into an hard amalgam, by 
bare trituration with water. Marble and quicklime fuc- 



ceed equally well with chalk; but clay, gypfum, or Regulus 0/ 
other earths, have no effect. antim ony.^ 

One earthy fubitance, found in lead-mines, and com- 12 .^ 
monly called caivk, has a very remarkable effect upon j.. x tempo- 
antimony. This is found in whitifh, moderately com- raucous re- 
pact and ponderous mafles; it is commonly fuppofed gulus with 
a fpar; but differs from bodies of this kind, in not be- cawk. 
ing acted upon by acids, (fee n° 106S). If a lump of 
cawk, of an ounce or two, be thrown red hot into 16 
ounces of melted antimony, the fufion continued about 
two minutes, and the fluid matter poured off, u you 
will have 15 ounces like poliihed iteel, and as the moft 
refined quickfilver." T hil.Tranf. n°uo. Dr Lewis 
mentions his having repeated this experiment feveral 
times with fuccefs : but having once varied it by mix- 
ing the cawk and antimony together at the firft, a part 
ot the antimony was converted into a very dark black 
vitreous matter, and part feemed to have fuffered little 
change ; on the furface of the mafs fome yellow flowers 
appeared. 

Regulus of antimony enters into the compofitions 
for metallic fpeculums for telefcopes, and for printing- 
types. It is alio the bafis of a number of medicinal pre- 
parations ; but many of thefe, which were formerly 
much efteemed,are found to be either inert, uncertain, 
or dangerous in their operations. When taken in fub- 
itance, it is emetic and purgative, but uncertain in its 
operation; becanfe it only acts in proportion to the 
quantity of folvent matter it meets with in the fto- 
mach ; and if it meets with nothing capable of acting 
upon it there, the regulus will be quite inactive. For 
thefe reafons, the only two preparations of antimony 
now retained, at lealt by lkilful practitioners, are the 
infufion of glafs of antimony in wine and emetic tar 
tar. For making the glafs of antimony we have the Glafsofan- 
following pvocefs. " Take a pound of antimony ; rc-timony. 
duce it to tine powder, and fet it over a gentle fire; 
calcine it in an unglazed earthen pan, till it comes to be 
of an aih colour, and ceafes to fume : you mult keep it 
continually ftirring; and if it ihould run into lumps, 
you mult powder them again, and then proceed to fi- 
nish the calcination. When that is done, put the cal- 
cined antimony into a crucible; fet it upon a tile in a 
wind-furnace; put a thin tile on the top; and cover 
it all over with coals. When it is brought into fufion, 
keep it fo in a ftrong fire for an hour: then put into 
it an iron rod ; and when the melted antimony, which 
adheres to it, is tranfpareni, pour it upon a Smooth, 
hot, marble; and when it is cold, put it up for ufe. 
This is vitrum antimonii, or J!ti>ir/m." 

This preparation is more violent in its effects than 
the pure regulus itfelf ; becaufe it contains lets phlo- 
gilton, consequently is Iimilar to a regulus partially 
calcined, and fo more foluble. Hence it is the moft 
proper for infufion in wine, or for making the tartar 
emetic. It is obvioufly, however, liable to great un- 
certainties in point of Strength ; for as the antimony is 
more or lefs Strongly calcined, the glafs will turnout 
ftronger or weaker in its operation, and confequentfy 
all the preparations of it mult be liable to much unccr- I2 .j 
tainty. This uncertainty is very apparent in the Difference 
Strength of different parcels of emetic tartar: accord- of Strength, 
ingly Mr Geoffroy found by examination of different" 1 cmet >* 
emetic tartars, that an ounce of the weakeft contain- tartar8 « 
7< ed 






. 



th the 

pro- 

eme< 

i :tar. 



1 lf>0 

■ 

to its uic. 



the nature 
of pulvis 
algaroth. 



for making 

it cheap. 



C II E M I 

to 90 grains of regulus; an ounce of mo- 
ed about 108 grains ; ami an 

ounce of the ltrongtft kind contained 154 grains. 
For tl thor of t lie Chemical Dic- 

. is algaroth as the moft 
terial for making emetic tartar ; being pcr- 
foluble, and always of an equal degree of 
Emetic tartar, as he jufty obferves, ought 
to be a metallic fait compofed of cream of tartar fatu- 
ratcd with the regulus of antimony; and M. Beaume 
has Lhown fuch a laturation to be pofhble, and that the 
neutral fall cryA-illiz.cs in the form of pyramids. They 
are tranfparcnt while moift ; but by cxpofure to a dry 
air, they lofe the water of their crystallization and be- 
come opaque. The preparation of this fait, according 
to M. B nunc', confifts in mixing together equal parts 
of cream of tartar, and levigated glafs of antimony : 
thefe are to be thrown gradually into boiling water; 
and the boiling continued till there is no longer any 
cffcrvefccnce, and the acid is entirely faturated. The 
liquor is to be filtered; and upon the filter is obferved 
a certain quantity of fulpbureous matter along with 
fomc undillblved parts of the glafs of antimony. When 
the filtered liquor is cooled, fine cryftals will be form- 
ed in it, which are a folublc tartar perfectly faturated 
with glafs of antimony. He obferves, that the di Ablu- 
tion is foon over if the glafs is well levigated, but re- 
quires a long time if it ii only grofsly pounded. 

The trouble of levigating glafs of antimony, as well 
as the uncertainty of dilfolving it, would render 
vis algaroth much preferable, were it not on account 
of its price; which would be a temptation to thofe 
in ule to prepare medicines, to fubftitute a chi 
antimonial preparation in its place. This objection, 
however, is now in a great mcafure removed by Mr 
Scheele ; who demonstrated that the pulvis algaroth 
is no other than regulus of antimony half calcined by 
the dephlogifticated marine acid in thecorrofive fubli- 
matc made ufe of for preparing the antimonial can- 
flic. If therefore we can fall upon any other method 
of dephlogifticating the regulus, we fliall then be able 
to combine the marine acid with it; and by fcparating 
them afterwards, may have the powder of algaroth as 
good as from the butter of antimony kfelf. One of 
the methods of dephlogifticating the regulus is by 
nitre. Our author therefore gives the following re- 
ceipt for the powder in queftion. 

" Take of powdered crude antimony one pound ; 
powdered nitre, one pound and a half; which, after be- 
ing well dried and mixed, arc to be detonated in an iron 
mortar. The hepar obtained in this manner is to be 
powdered, and a pound of it to be put into a glafs 
vciVel, on which firit a mixture of three pounds of wa- 
ter and 1 > ounces of vitriolic acid is to be poured, and 
afterwards 15 ounces of powdered common fait are to 
be added ; the glafs vend is then to be put in a fand- 
b.th, and kept in digeftion for 12 hours, during 
which period the mufs is to be conftantly ftirred. The 
Minion, when cool, is to be ftramed through linen. 
(*i the refiduum one third of the above menftnuim 
is tobe poire 1, and the mixture digefted and ftrained. 
this folution, when it is diluted with boiling wa- 
ter, the pulvis algarothi precipitates, which is to be well 
1 .rated and dried." 

uf antimony, like other metallic fub- 
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ftances, is folublc in liver of fulphnr, it happens, that, 
on boiling antimony in an alkaline ley, the fait, uniting 
with the fulpbur contained in that mineral, fori 
hepar fulphuris, which diflblvcs fomc of the reguline 

If the liquor is filtered, and faturated with an 
the regulus and fulphnr will fall together in form of a 
yellowilh or reddifli powder, cz\\e&g«idenfulphur 
thmonj. If the ley is inhered to cool, a like precipitation of 

a red powder happens. Thislaft is called kermes mineral . 
Nitre deflagrates violently with antimony, confirm- 
ing not on'.y its fulpbureous part, but alio the phlogiston 
of the regulus : and thus reduces the whole to an inert 
calx, called antknonium disphoreticum. If equal parts 
of nitre and antimony are deflagrated together, the 
fulpbureous part is confumed, as well as part ot the 
inflammable principle of the regulus. The metalline 
part melts, and forms a femivitreous mafs of red- 
difli colour, called crocus vietalloruv:, or liver of anti- 
mvny. It is a violent emetic, and was formerly ufed 
for making infulions in wine iimilar to thole of glafs 
of antimony ; but is now difhfed on account of its un- 
certainty in ftrength. It is ftill ufed by the farriers: 
but the fiibitance (old for it is prepared with a far lefs 
proportion of nitre; and fometimes even without any 
alkaline fait being added to abforb part of the antimo- 
nial fulphnr. This crocus is of a dull red colour ; and, 
when powdered, afllimes a dark purple. 

\ 11. Arsenic. 



This fubftance, in its natural ftate, has no appearance 
of a metal, but much more refembles a fait, which, 
as has been already obferved, it really is when deprived 1266 
of its phlogifton. When united to a certain quantity Arfcnic 
of phlogifton, it afflimes a metallic appearance; and found na- 
il] this ftate it is found, as Mr Bergman informs us, tura11 )' in 

hernia, Hungary, Saxony, Hercynia, and other ^ QIja 
parts; particularly at Alfatia in the mines called 
. The maflefi in which it is found are 
frequently ihapelefs, friable, and powdery ; but fome- 
times compact, and divided into thick convex lamellae, 
with a needle-formed or micaceous furface : it takes a 
peiifh, but foon lofes it again in the air. When frefli 
broken, it appears compofed of fmall needle-like grains 
of a leaden colour, fooa becoming yellow, and by de- 
grees bis ckifh ; exceeding copper in hardnefs, though 
as brittle asantimony. 1267 

Reguline arfcnic, whether found naturally or pre- Regulus of 
pared by art, very readily parts with as much of its '™ cn,c *•" 
phlop-ifton as is fufficient to make it fiy off in a white ' y c "": 

r 1 1 i- -mi ■ /-J Li verted into 

fmoke; but this itill retains a very condderable quan- thc> , 
tity of phlogiftic matter, as is evident from its producing white kind, 
nitrous air by tne affufion of nitrous acid, and from 
the experiments already related of th< preparation of 
the acid of arfcnic. This calx indeed is the form in which 
arfcnic is moft commonly met with. It is lefs volatile 
than the regulus ; and by fublimation in a glafs veild 
aflumes an opaque cryftalline appearance from be- 
coming white on the furface ; but that which cryftal- 
lizes in the bowels of the earth does not appear to be 
fubjeel to any fuch change. Zif)i 

White arfenic, though a true metalline calx, may be White ar- 
mixed in fufion with the fame metals which will may 

with the regulus. This fcems contrary to the gi ' xttJ 

rule of other calces, which cannot be united with 
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metal in its metalline ftatc ; but it rauft be remembered, 
that by this operation the arfenical calx is reduced to a 
regulus by the phlogifton of the metal : whence, in all 
fufionsof this kind, iome fcoria; rife to the top, confift- 
itig of the calcined metal and part of the white arfenic. 
Eight parts of diflilled water diflblve, by means of 
moderate heat, one part of calcined arfenic, and by 
boiling may be macje to take up 15. The folution 
changes fyrup of violet green, but the tincture of 
lurnfole red. It is not changed by neutral falts, but 
ilowly precipitates the folutions of metals, the arfenic 

united to the metallic calx falling to the bottom 

" It may be afked (fays Mr Bergman), whether the 
whole of the arfenic, or only the arfenical acid, unites 
with the metallic calx, yielding the phlogifton to the 
menflruum of the other metal ?" Certainly fuch a 
mutual commutation of principles does not appear im- 
probable, if we confider only thofe cafes in which the 
menftruum is vitriolic or nitrous acid : but as iron, 
for example, united with marine acid (which does not 
attract the phlogifton of white arfenic), as well as 
when it is joined to the nitrous acid, is precipitated, it 
would appear that the whole of the arfenic is united, 
T2 - at lead in certain cafes, to the metallic calces. 
And in fpi- One part of arfenic is dillblved by 70 or 80 of boil- 
-it of wine, ing fpirit of wine. 

127 1 _ Arfenic diffolves partially in concentrated vitriolic 
In vitriolic acjfj^ b Llt: concretes in the form of cryftalline grains on 
cooling. Thefe diflblve in water with much greater 
difficulty than the arfenic itfelf. On the blow-pipe 
they emit a white finoke, but form into a globule by 
fufion, which at firft bubbles, but foon grows quiet, 
and is but flowly confumed even in a .white heat. 
This fixity is occafioned by the acid carrying off the 
phlogifton of the arfenic, and thus leaving a greater 
proportion of its peculiar acid than what it naturally 
contains ; and therefore the more frequently the ope- 
ration is repeated, the more fixed the arfenic becomes, 
though it is fcarce poffible to diffipate the arfenical 
phlogifton as perfectly with this acid as with the ni- 
trous ; the effects of which have been already particu- 
larly mentioned. 

The marine acid, which naturally contains phlo- 
gifton, diffolves about one-third of its weight of arfe- 
nic, a great part of which feparates fpontaneonfly on 
cooling in a ftate of faturation with the acid. This fait, 
which may be had in a cryftalline form, is much more 
volatile than the former, readily fublimiug in a clofe 
veifel with a moderate heat ; but is folnble with diffi- 
culty in boiling water. It is of a fine yellow colour, 
and fcarcely differs from butter of arfenic, except in 
its degree of concentration. The nature of marine 
acid prevents it from difengaging the arfenical acid 
from the phlogifton of the fcmimetal, as will eafily ap- 
pear from what has beenTaid concerning that acid. 
The arfenical acid, however, is eafily made to appear 
by tlie addition of that of nitre, as will be underftood 
from the directions given by Mr Scheele for the pre- 
paration of the acid of arfenic. 

Arfenic is not precipitated from its folution in vi- 
catcd alkali triolic and nitrous acids by the phlogifticated alkali, 
cannot pre- which yet very readily precipitates all other metals, 
cipitate ar- y rom tne marine acid, however, it is precipitated by its 
lemcexcept meanso f a white colour j but unlets the folinion be very 
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acil, the addition of mere water will throw down a 
precipitate of the fame colour. 

Dephlogiflicated marine acid deprives arfenic of its 
inflammable principle ; fo that in the diftilling veffel 
we find water, acid of Arfenic, and marine acid, rege- 
nerated. 

Arfenic is dillblved by its own acid, and forms cry- 
ftalline grains with it as well as with that of fluor and 
borax. Saccharine acid diffolves it like wife, and 
forms prifmatic cryfials ; and a fimilar fait is a'fo 
formed by the acid of tartar. Vinegar, and the acids 
of vinegar and phofphorus, form wij.li it cryftalline 
grains, which are fcarcely folublc in water. 

Solutions of fixed alkali diffolve arfenic ; and, 
when loaded with it, form a brown tenacious mafs, 
called liver of arfetiic. The arfenic is partly precipi- 
tated by mineral acids, though part of it gradually 
lofes its phlogifton, and adheres more tenacionfly. So- 
lution made with volatile alkali feems to effect this 
decompolition more readily, as no precipitation is 
made by acids. Limpid folution of faline hepar, drop- 
ped into a folution of white arfenic, floats upon the 
furface in form of a grey ftratum, which at length di- 
fturbs the whole liquor. 

By the affiftance of heat folutions of arfenic attack 
fome of the metals, particularly copper, iron, and zinc; 
the folutions of the two laft yielding cry ftals by eva- 
poration. No alteration is made on thefe compounds 
by alkaline falts or by acids : volatile alkali does not 
difcover the copper by changing the colour of the fo- 
lution blue ; nor does the phlogifticated alkali throw 
down any blue precipitate from the folution of iron. 
The reafon of this is the fuperabundance of phlogifton 
in the folutions; for the arfenical acid takes up all 
metals : when united with copper, it fhows a blue co- 
lour with volatile alkali ; and when united with iron, 
it lets fall a Pruffian blue in the nfual way ; but the 
quantity of phlogifton which converts the acid into 
white arfenic, prevents the appearance ef thefe pheno- 
mena when the latter is made ufe of. 

Arfenic, either in its calcined or reguline ftate, may 
be united with fulphur ; in which cafe it appears 
either of a red or yellow colour, according to the 
quantity of fulphur with which it is united. Thefe 
compounds are fpontaneouOy produced by nature ; 
both of them fometimes pellucid and cryftalline ; with 
this difference, however, that the yellow feems to af- 
fect a lamellated, and the red a cryftalline, form. 
Thefe are called red and yellow orpimeut y or realgar and 
orpiment ; the fpecific gravity of realgar being about 
3.225; of orpiment, 5.315. Both of thefe fublime 
totally with a moderate heat, unlefs when they hap- 
pen to be mixed with other fubftances. They readily 
unite with thofe metals which form an union with the 
arfenic and fulphur of which they are compofed. Sil- 
ver mineralized by fufion with orpiment, forms a fub- 
ftance fimilar to what is called the red ore of that me- 
tal. Iron, in conjunction with orpiment, affumes a 
white, poli(hed,and metallic appearance, fimilar to that 
of the white or arfenical pyrites ; and by various 
combinations of thefe fnbfiances with metals of diffe- 
rent kinds, many of the natural metalline ores may be 
produced. 

Nitre, when treated with mineralized arfenic, de- 
Z 2 tonatcs 
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Genie ; i he alkaline bafis of ifai 

. v hn ft with tl 
ling v. ith ilic alkali, ami forming ibe 
By the addition of fixi 
l proper r to orpiment or realgar, 

and then c ;. a fubliming heat, 

, but lets go the greater 
of the arfenic ; the hepatic mafs, however, retains a 
fmall quantity of the latter ; and if there is much al- 
kali, fcarce any of the arfenic arifes. 

difliliing orpiment with twice or thrice it quan- 
tity of corrofivc fublimate, two liquids arife which re- 
fiffc to unite ; and at length, on augmenting the htat, 
a cinnabar arifes. A butter of arfenic is found at the 
bottom of the receiver, of a ferruginous brown colour, 
bit pellucid : in the open air it firft lends forth a co- 
pious fume of a white colour, and then gradually at- 
tracts the moifture of the atmofphere, by which it is 
precipitated. It is remarkable that it unites fo llowiy 
with marine acid, that they feem to repel one another; 
nor can they be made to unite beyond a certain de- 
gree. By the affufion of diftillcd water, a white pow- 
der w ill he precipitated, which, though ever fo well 
warned, retains fome acidity; for a portion of butter 
of antimony is produced by diftillaiion, as is likewife 
true of the pulvis algaroth. The fmoke has a pecu- 
liar penetrating fraell, fomewhat fimilar to that of 

•ifticated vitriolic acid, and lets fall white rlow- 
crs. 'I he liquor which fwims above, and which, by 
chemic 1 authors, has been compared to oil, is yellowifh 
ami pellucid, feparating a white arfenical powder by 

ad lition of water and fpirit of wine. It is not 
afiefted by the ftronger acids ; but effervefecs, and lets 
fall a precipitate, with alkalies. On keeping it with a 
cucurbit with a long neck unftepped, white flowers 
gradually concrete round the orifice, which are lax, 
• ne times approaching to a cryftalline form. And 
1 iftlv, by fpontaneous evaporation, pellucid cryftals ap- 
pear at the bottom of the liquor, which are fohible in 
water with great difficulty ; but when diflolved, pre- 
cipitate filver from nitrous acid, and let fall fume ar- 
fenic on the addition of an alkali. When put into 
lime-water, a cloud flowly for rounds them : on being 
expofed to the fire, they totally fublime without any ar- 
fenical fmell, without decrepitation, or loling their 
tranfparency i but if ignited pb.logift.ic matter comes 
in con t aft with them, the arfenical fmell inftant' 
pears. No traces of mercury are to be found in this 
liquor by treating it either with alkali or copper; 

the flighted precipitation is made by it on be- 
ing dropped into a folutioo of terra ponderofa in the 
marine acid : from all which it appears, that this liquor 
is only a very dilute butter of arfenic, containing lefs of 
the mercury on account of the quantity of water it 
has. The butter contains the acid in its moft con- 
centrated fiate, and is therefore loaded with a larger 
quantity of arfenic: the former liquor will therefore be 
led in much larger quantity, by fetting the mix- 
.c fublimatc and arfenic to ftand a night 
in a cellar, or moiftencd with water, before it be fub- 
to diftillaiion. As the common marine acid 
can diflblve only a determined quantity of the butter, 
lows, that what remains after complete 
faiuratioa .ally tefoft to mix. The acid, 
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Arfenic mineralized bj 1 not diflolved by Arfenic mi- 

water, but is affefted by the. different acids, accoj /<l1 

to the particular circuftancea of each. Ninons acid ll >' f ul P hur - 
and aqua-regia acl mod powerfully ; the former foon 
. s the red colour of the MS it 

into yellow orpiment ; its primary action being to cal- 
cine the arfenic, without affecting the yellow ue Is of 
the fulpbur. It tr.akes no change on the. colour of 
orpiment. Aqua-regia, by long digeflion, takes up 
the arfenic, and leaves the fulphnr at the bottom ; and 
hence we may find out the proportions of the two in- 
gredients. Some dexterity, however, is neceflary in 
performing this operation with accuracy ; for if, on 
the one hand, the mcnftnmm be too weak, part of the 
arfenic will remain undiifolved ; and if, on the other, 
it be too ftrong, part of the fulphnr will be decompo- 
fed ; for fh'ong nitrous acid is capable of decompoling 
fulphnr by long digeflion, having a greater attraction 
for phlogifton than the vitriolic acid itfelf. The colour 
of the refiduum ought to be grey ; for as long as any 
yellow panicles remain, it is a fign that fome of the 
arfenic alfo remains. If any iron be prefent in the 
compound, it is all diflolved, by reafon of the fupc- 
rior attraction of the acid for it, before any of the ar- 
fenic is taken up, unlcfs it (hall have been calcined ei- 
ther by the accefs of air and heat employed in the 
operation, or by the too great power of the menftruum. Ia g, 

The pure regnlus of arfenic may be obtained artifi- p U rc regw- 
ci.dly from white arfenic, either by fublimation with lus of arfc- 
oil, black flux, or other phlogiflic materials; or by llic > how 
melting it with double its weight of foap and potafhes; P re P ared - 
or laftly, by precipitation by means of fome other me- 
tal, from orpiment or fandarack melted with fulpbur 
and fixed alkali. By the firft of thefe methods it is 
obtained in a cryftalline form, oftohedral, pyramidal, 
or even prifmatic. Mr Bergman mentions a natural I2 g5 
regulus of arfenic, named mifpickel, which along with Mifpickcl, 
fome fnlphur contaias a large quam'ty of iron united a natural 
with the regulus into a metallic compound ; but tho' reguluio£ 
the iron fometiraes amounts to \ or even \ of the arlcmc - 
whole,. it neverthelefs remains untouched by the mag- 
net. When ignited, it fends forth an arfenical fmell, 
and foon becomes obedient to the magnet, even though 
the operation be ptrformed on a tile without any ad- 
ditional piilogifton ; it melts eafily in an open fire, and 
in clofe veflels the greater part of the regulus fublimes, 
leaving the iron at the bottom. , 2 g. 

The pure regulus of arfenic is vaftly more volatile Great vola- 
than an) other metal, and therefore cannot be melted tflityofthia 
It begins to fend forth a vilible fmoke in 180 of the ftmimetal. 
Swediih thermometer, and is capable of inflammation ; 
but in order to intlamc it, it muft be thrown into a 
veflYl previously heated to a ft;fficient degree, other- 
wife it will be fublimed. The flame is of an obfenre 
whitifl) blue, diffnfmg a white fmoke sua gariic fmcjl. 
In clofe veflels it retains its mi m, and may be 

fublimed of ar.y figure we pleafe. „ QO 

Regulus of arlcnic unites with many of the metals, -^^^ 
but dcflroys the malleability of ihofe with which h reguloi of 
rs into fufion. It renders tl ofe i> ore i^i'y 01 fu arftnic en 
fion which are melted with by thcmfelves f other "*•" 

but tin, the muft eafily lufible of . ...etals, be- : 

cwnica 
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comes more refractory by being united with arfenic. 
This meul acquires a permanem and fhining whitenefs 
by its union with regulus of arfenic, and is able to 
retain half its own weight of the arfenical metal. The 
other white metals become grey by fufion with this 
femimetal, platina only excepted. Gold fufed in a 
clofe veifel with regulus of arfenic, fcarcely takes up ? '_ 
of its weight; filver i ; lead £ ; copper | ; andiron more 
than its own weight. The magnetic property of this 
lalt metal is destroyed by a large quantity of regulus, 
though the exact proportion which deftroys it can 
fcarcely be determined, as forme of the iron is always 
taken up by the fcoria ; but according to Mr Berg- 
man, lefs than an equal quantity is certainly fnfficrent. 
Bifmuth retains T ' T of its weight; zinc ' r ; regains of 
antimony .1 ; and manganefe an equal quantity. Nic- 
kel and regulus of cobalt take up a large quantity ; but 
how much cannot be determined, as it is next to iin- 
poffible to procure any of thofe metals in a flate of per- 
fect purity. In a fufficient degree of heat, and by a 
triture of feveral hours, regulus of arfenic takes up a- 
bout i of its own weight of mercury, forming an a- 
malgam of a grey colour. 

Regulus of arfenic, by reafon of its volatility, may 
be expelled from all the metals with which it is unit- 
ed ; but, in flying off, it generally carries along with 
■ it fome of the metals with which it is united, gold and 
filver not excepted, if the degree of heat be great and 
very fuddenly applied. Platina, however, perfectly 
refills the volatilization ; and by reafon of its refrac- 
tory nature, even retains a portion of the arfenic. 

This femimetal cannot be united by fufion with alka- 
line falts until the phlogifton is confuierably dimi- 
nished, and the regulus approaches to the nature of 
pure arfenical acid. By adding regulus therefore to 
nitre in fufion, a detonation enfues, the phlogifton of 
the former is totally deftroyed, and the acid uniting 
with the alkali of the nitre forms a neutral arfenical 
fait, fimilar to that made with white arfenic and nitre. 
By diftillation with dry acid of arfenic, the regulus 
fublimes before it can be acted upon by the acid ; but 
when thrown into the acid in fufion, ibon takes fire, 
and fends forth a white fmoke: for the acid, being in 
this inftance deprived of its phlogifton, feparates that 
principle from the regulus, and unites with it in fuch 
quantity as to regenerate white arfenic; while on the 
other hand, the regulus, by this operation, is fo far 
deprived of its phlogifton as to appear in the form of 
a calx. By diftillation with corrofive fublimate, a 
fmoking butter, and fmall quantity of mercurius dul- 
cis and running mercury, are procured; which happens 
in confequence of a double elective attraction ; the re- 
gulus of arfenic yielding its phlogifton to the bafe of 
the corrofive fublimate, which being thus really cal- 
cined, reduces the former to per fe& mercury, while 
the marine acid takes up the calx of arfenic. The re- 
gulus of arfenic readily unites with fulphur, and forms 
the fame red md yellow com pounds that have already 
been mentioned when fpeaking of white arfenic ; it is 
foluble in hepar fulphuris, but may be precipitated by 
every other metal which can unite with the hepar. 

Regulus of arfenic is not affected by the vitriolic a- 
cid, unlefs when c mccntrated and affi'fted by heat. 
The inflammable part of the regulus which phlogifti- 
catcs the acid flics off, fo that the remainder afTumcs 




the nature of white arfenic, and exhibits the fame pro- 
perties with menltnia as any other metallic calx: the 
fame holds good with nitrous acid, except that it at- 
tracts the phlogifton more vehemently. Marine acid 
has little or no effect except when boiling. J2 g$ 

Regulus of arfenic precipitates certain metals diiTol- Effe&sof it 
ved in acids, fuch as gold and platina, diflblved in aqua- on metallic 
regia, as well as filver and mercury in vitriolic and ni- folution. 
trous acids. Silver generally appears in beautiful po- 
liced fpicnlae, like the arbor Dianas ; but if the arfe J 
nic be fuffered to ftand long in the nitrous folution but 
little diluted, the filver fpicnlae are again diflblved, the 
arfenic in the mean time being dephlogifticated. So- 
lutions of bifmuth and antimony are fcarcely rendered 
turbid. Iron may be feparated from regulus of arfenic 
by digeftion with marine acid, or with aqua-regia ; nei- 
ther of which will touch the arfenic, as long as any iron 
remains ; but in order to fucceed in this operation, fubtile 
pulverifation is neceflary as well as a juft quantity and 
ftrength of the menftruum. Heat mult alfo be carefully 
avoided. The regulus is alfo diflblved by hepar ful- 
phuris and by fat oils, the latter forming with it a 
black mafs like plafter. 

\ 12. C BA LT. 

Regulus of cobalt, or more properly pure cobalt 
itfelf (what we have under the name of cobalt being 
only a calx of the regulus), is a femimetal of a reddifh 
white colour, clofe-grained, fo as to be eafily reducible 
to powder, about 7.7 of fpecific gravity, and forming 
itfelf into maffes of a needle-like texture, placed upon 
one another. It is feldom or never found native, but 
almoft always calcined and united with arfenic, the ar- 1294 
fenical acid, fulphur, iron, &c. The zaffre ufed in Zaffre, a 
commerce is an impure and grey calx of cobalt. When calx of cu " 
mixed with three times its weight of pulverifcd flints, balt " 
and expofed to a ftrong fire, it melts into glafs of a 
dark blue colour, called /wait, ufed in tinging other 1295 
glaffes, and in painting. With three times its Weight Smalt, 
of black flux, a fmall quantity of tallow and marine how P r0 - 
falt, it affords the femimetal known by the improper duced ' 
name of regulus of cobalt ; but the reduction is very I2 o6 
difficult. For this puipofe a large quantity of flux muft Regulus of 
be made ufe of, asd the crucible kept a confiderablt cobalt diffi- 
time in a white-red heat, that the matter may become cult t0 re * 
very fluid, and that the fcoria may be completely fufed duce " 
into a blue glafs, at which period the cobalt finks in 
the form of a button to the bottom. 1297 

Cobalt melts in a ftrong red heat, is very fixed in Properties 
the fire, and it is uncertain whether it can be vola- of cobal * 
tilized in clofe vefTels. When fuffered to cool (lowly, "' h ™ ex * 
it cryftallizes in needle-fhaped prifms, placed one upon ?" 
the other, and united in bundles, having a conlider- 
able refemblance to maffes of bafaltes feparated from 
each other: in order to fucceed in this cryftallization,. 
however, the cobalt muft be melted in a crucible till it 
begins to boil, and, when the furface of the metal be- 
comes fixed on being withdrawn from the fire, the vef- 
fel is then to be inclined ; that which flill remains fluid 
runs out, and the portion adhering to the lumps form- 
ed by the cooling of the furface is found covered with 
cryftals. g 

This femimetal, expofed to the atmofphcre, be- Calcines 
comes covered with a dull pellicle, and undergoes a fponta- 
fpontaneous calcination; but it may eafily be calcined neoufly in 
1 . in the air. 
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M heat, into a blue glafs. By fufion it combines 

I itb them a beautiful 

fixed in the fire ; whence it is of 

in enamel-painting, porcelain-painting, 

&c. I i terra ponderofa, magncfia, and 

lime, on cwbalr, is not known. Alkalies manifeflly 

altrr it ; but in what refpect is not known. 

( tea in concentrated vitriolic acid, when 

•aflillcd by .1 boiling heat ; the acid evaporating almoft 
entirely in the form of fulphureons gas. r l he reli- 
dnum is then to be warned ; a portion or it diffolves in 
the water, and communicates a greenifh colour to it 
when warm, which changes to a role colour when 
cold. M. Beaurne affirms, that by fnfficiently eva- 
porating the vitriolic folution of cobalt, two forts of 
cryftal* are obtained ; one white, fmall, and cubic;'.'; 
the other greenilh, quadrangular, fix lines in length, 
and four in breadth. Thefe la ft he only conliders as 
the true vitriol of cobalt; the former being produced 
by certain foreign matters united to it. The cryltals 
nioft commonly obtained have the form of fmall needles, 
and may be decompoled by lire, leaving a calx of co- 
balt not reducible by itfclf. They may I ike wife be de- 
composed by all the alkalies, by terra ponderofa, mag- 
. and lime. According to Fourcroy, ico grains 
of cobalt, diflblved in the vitriolic acid, afford, by pre- 
cipitation with pure mineral alkali, 140 grains of pre- 
cipitate; by the fame alkali aerated, 160 grains. ])*- 
tuted vitriolic acid acts on zaffre, and diiiblves a part, 
with which it forms the (alt already defcribed. 

Nitrous acid acts upon the femimetal with that vio- 
lence which is its general charactcriftic ; and the folu- 
tion, when nearly (aturated, appears either of a rofy 
brown or bright green colour. By ftrong evaporation 
it yields a fait in fmall needles joined together; which 
is very deliqoefcent, boils upon hot coals without deto- 
nation, and leaves a calx of a deep red colour. It is 
decompofed by the fame fubflances as the former, and 
by excels of alkali the precipitate difappears. 

Muriatic acid, afliftcd by heat, dillblves cobalt in 
parr, but has no effect upon it in the cold. It acts 
more ftrongly on zati're, forming a folution of a reddilh 
brown, which becomes green by b-ing heated. By 
evaporation it yields a very deliquefcent fait in fmall 
needles, which becomes green when heated, and is 
.iter decompofed. Aqua-regia dillblves the me- 
ul more ealily than the marine acid, but lefs lb than 
the nitrous. The folution has been long known as a 
uthftic Ink. 
ialt is not diflblved directly by the acid of borax; 
-but when A folution of this ialt is mixed with a folu- 
tion of cobalt in any of the mineral acids, a double 
decompaction takes place ; the alkaline bafis of the 
borax uniting with the acid which held the cobalt in 
ton; and the calx, combining with the fedative 
fait, falls to the bottom in form of an infallible pre- 
cipi; 

This femimetal is calcined by being heated to igni- 
tion v. One part of cobalt, and two or three 
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> d, by reafon ol the lit- ^ '■•''■ 
tie attraction there is between the metal and muriatic 
acid. M. Bucquet, wi o made the experiment with _ ' 



I care, could not D 
kali. Sulphur with it but very difficult- 

ly, and the combination is promoted by liver ol ful- 
phur. Thus a kind of artificial one may be produced, 
the grain of which will be finer or clofer, and itsco- 
lonr whiter or yellower, in proportion to the quantity 
of fulphur in the mixture. M. Beaurne obferves, that 
this compound cannot be decompofed by acids, and that 
lire cannot del troy all the fulphur. 

\ 13. Nl CKEL. 
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This was firft difcovered to be a femimetal of a pe- Difa 

culiar kind by Cronltedt, in the years 1751 and 1754, '»>■ Mr 
who procured it in the form of regulus from its ore, but Cronltedt. 
without being able to reduce it to a fufficient degree of 
purity ; which indeed has not yet been done by any che- 
mift. M. Bergman has laboured mofl in this way, 
though even he has nor reduced it to the purity of other 
metallic fubflances. His experiments were made with 
fome regulus made by M. Cronltedt, and whole fpe- 
cific gravity was to that of water exactly as 7.421 to 1. 
His attempts to purify it were made, 
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Nine ounces of powdered nickel were expofed for Effects of 
fix hours, in fcveral portions, to a molt violent hear, calcination 
under the dome of an a flay furnace. Thus rhe arfe- . W1 " v '°" 
nic was firft diffipated with a fetid fmell, after which 
the odour of fulphur became perceptible ; after this a 
I'm ok e arofe without any fmell of garlic, and 
which, according to our author, arofe probably from 
the more dcphlogifticated part of the arfenic which 
now began to fublimc. The heaps (we fuppofe after 
the matter had been poured out of the difhes, and yet 
retaining a great deal of heat), when lior, began to 
fwell, and green vegetations arofe from all the furface, 
refembling fome kinds of mofs, or the filiform lichen ; 
a ferruginous afh-coloured powder remained at bot- 
tom ; and 0.13 of the whole were diffipated during the 
operation. Half an ounce of this calx fufed in a 
forge for four minutes, along with three times its 
weight of black flux, yielded a regulus reticulated on 
the furface; the areola of a hexangular figure, with 
very (lender ftrice, diverging from a centre, full of lit- 
tle tubercles ; it weighed 0.73 of half an ounce; was 
obedient to the magnet ; and, when fcorified with bo- 
rax, left a blackilh glafs. 

By a fecond roaffing the regulus again emitted a 
garlic fmell ; afterwards a vifible fume without any 
fmell, with vegetations as before. The roafted pow- 
der, reduced with black flux as before, fiill emitted a 
fmell of arfenic; but on repeating the fufion with the 
calx and borax, nothing but fome obfeure figns of co- 
balt appeared. A third calcination fcemed to have 
much diffipated the arfenic, as it now emitted but 
little of that kind of fmell ; the vegetations were alfo 
gone; and the matter had rather a ferruginous than a 

green 
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green colour. Nearly the fame phenomenon appeared 
after reduction in a fourth operation. 

On performing the reduction with lime and borax, 
the regains, when firft melted, loft much of its ferru- 
ginous matter, which adhered to the black fcoriae ; it 
foon acquired an hyacinthine colour, without any re- 
markable mixture of cobalt, was little obedient to the 
magnet, and its fpecific gravity was fomewhat dimi- 
nilhed, being now only 7.0828. 

By a fifth calcination, gradually adding a quantity 
of powdered charcoal while the matter continued red 
hot, a prodigious quantity of arfenic, imperceptible be- 
fore, flew ofFin the form of vapour; the arfenical acid 
being thus furnilhed with as much phlogifton as was 
necelfary to make it rife in fume. The regains was 
treated in this manner until no more arfenical fmoke 
could be perceived; it was now of a lavnellated and 
tenacious texture when reduced, but Hill diffufed the 
arfenical odour on being removed from the fire. The 
roafting was therefore repeated a fixth time, and con- 
tinued for tea hours; the addition of powdered char- 
coal continued to diflipate the arfenic in invilible va- 
pours which yet were perceptible by the fmell; the 
colour of the metallic calx was obfeurely ferrugi- 
nous, with a mixture of green fcarcely viable. On 
reducing the regains with equal parts of white flux, 
lime and borax, a femiductile regulus was obtained, 
highly magnetic, and foluble in nitrous acid, to which 
it communicates a deep green colour ; a blackilh mafs 
remained, which afterwards become white, and when 
laid on a burning coal, flies off without any remarkable 
arfenical fmell. The regulus being then fix times fa- 
ffed with lime and borax, the fcorias refembled the hya- 
cinth in colour, and the metallic part was furrounded 
with a green calx. The regulus, as before, '^as mag- 
netic and femi-malleable. Laftly, it was expofed for 
14 hours to a very ftrongheat; when the powdered, 
charcoal was added by degrees without any dillipation 
of arfenic or lofs of weight ; the colour of the roafted 
powder was ferruginous, with a very flight tinge of 
green. On reduction, a very fmall globe, flill mag- 
netic, was found among the fcorise. 

II. By Sulphur. 

Eight hundred parts of Cronftedt's regains of nic- 
hlilv kel, fufed with fulphur and a fmall quantity of borax, 

yielded a mineralized mafs of a reddilh yellow, wbofe 
weight amounted to 1700. On expofing one half of 
this to the fire, it began to grow black ; on which the 
heat was augmented until vegetations appeared > the 
remaining calx weighed 652. Melting this part with 
borax, and the other which had not been expofed to 
the fire, a fulphurated regulus of a whitifh y. How co- 
lour was obtained, weighing 1102. The fame regulus, 
calcined for four hoars, was firft covered with vegeta- 
tions, and then, on the addition of powdered char- 
coal, diffufed an arfenical odour; the metallic calx was 
green, and weighed 1038. A whinfli yellow regains 
was obtained femiductile, highly magnetic, and ex- 
tremely refractory, weighing 594. By fufion with 
fulphur a fecond time, it weighed 816; 0!.- half of 
which roafted to greennefs, united by means of fire to 
the other half dill fulphurated, weighed 509, and was 
almoft deprived of its magnetic quality. A calcina- 
tion of four hours, during which phlogifton was ad- 
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ded, diflipated a confiderable quantity of arfenic ; the Nickel, 
powder put on an afh-colour, fomewhat grecnifh, was in v "~"~^ 
weight 569; and by reduction yielded a rcguius whofe 
furface was red, and which, on breaking, appeared of 
a white afh-colour, very friable, and weighing 432; 
thefpecific gravity 7.173. 

On mineralizing the regulus a third time with ful- 
phur) adding charcoal as long as any veftige of arfenic 
remained, which required a violent calcination of 12 
hours, the remaining powder was of an afh-green co- 
lour, and weighed 364; but the regulus obtained by 
means of a reduction effected by the moil violent heat 
in a forge for three quarters of an hour, was fo refrac- 
tory that it only adhered imperfectly to the fcoria, 
which were of a diftinct hyacinthine colour; nor could 
it be reduced to a globule by means of borax, though 
urged by the fame vehemence of fire. The abfolute 
gravity of this regulus was 180 ; its fpecific gravity 
8.666. Its magnetic virtue was very remarkable; for 
it not only adhered ftrongly to the magnet, but to any 
other piece of iron; and the fmall pieces of it attrac- 
ted one another. It had a confiderable ductility, was 
of a whitifh colour, mixed with a kind of glittering 
red; diflblved in volatile alkali, yielding a blue folu- 
tion, and a green one in nitrous acid. 

An hundred parts of the fame regains, beaten out 
into thin plates, were covered by a calcination of 
four hours, with a cruft apparently martial, having un- 
der it a green powder, and within it a nucleus con- 
futing of reguline particles ilill unchanged ; the weight 
being increafed by 5. The friable matter, reduced to 
powder, put on a brownifli-green colour; and after a 
calcination of four hours more, concreted at the bot- 
tom in form of a friable black cruft, ftrongly magne- 
tic, and weighing 100: No veltiges of arfenic were 
difcovered by a fucceeding operation, in which char- 
coal was added ; nor was the magnetic powder deftroy- 
ed, but the weight was increafed to 105, and the co- 
lour fomewhat changed. By ftifion for an hour with 
lime and borax, this powder yielded a regulus of an 
angular ftructure, red, femiductile, and altogether mao- 
netic ; the fpecific gravity being 8.875. The fame 
globule diflblved in aqua-regia, was precipitated by 
green vitriol, as if it had been loaded with gold ; but 
the precipitate was readily foluble in nitrous acid. 
Moft of the reguli fhowed no ligns of precipitation 
with green vitriol, 

III. With Hepar Sulphuris. 

1309 
Fifty-eight parts of' regulus of nickel, which had Effect of 
been fulphurated before, being fufed with 1800 parts hepar ful- 
of faline hepar fulphuris, then diflblved in warm water, phuris. 
filtered through paper, and precipitated by an acid, 
yielded a powder, which, by calcination till the ful- 
phur was driven off, appeared of an afh-colour, and 
weighed 35. The infolnble refidumn, deprived of its 
fulphur by means of fire, was likewife of an afh-colour, 
and weighed 334. On reducing this regulus by means 
of the black rlux, a friable regulus was obtained, which 
had a very weak magnetic property ; but, on fufion 
with borax, this qa thty was augmented. On mixing 
and melting together equal parrs of caix of nickel, 
gypfum, colophony, and white flux, a powdery, fqua- 
motis, and reguline mafs was produced ; which, by 
fufion with borax, afforded a regulus pofTeffing the pro- 
perties 
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. and did not part with us 
i alter two rotations in the nitrous acid, 
and \ fioa with borax ; i. 

phiir inacy. 

On Jill ■ kel by fufion, in licpar 

ty ot 
to deftroy a ("mall part of tin 

ided by it was 
t the bottom. On examining this 
rally deprived 
ult, but Hill containing iron. In like manner 
nickc! » very d'ut'mctly precipitated by reg ilus 

of cobalt, as this latter is attracted more powerfully by 
fulphoris. When diflblveJ by fufion with he- 
ilphuris, this femimetal may be precipitated by 
r iron, copper, tin, or lead, and even by cobalt: 
the regulus obtained is indeed (csrcc ] y ever attracted 
by the magnet; but we are not from thence to con- 
that it does not contain any iron; for when the 
heterogenous matters, which impede its action, are pro- 
removed, it then acknowledges the power or the 
m.i plainly. 

IV. By Nitre. 

One part of Cronflcdi's regulus was added to twelve 
of nitre ignited in a cru< ible, and kept red-hot for 
about an hour. Some weak Rallies appeared firft ; 
then a large quantity of arfenic was emitted ; and, 
laflly, the fides were covered with a blue emit occalioned 
the cobalt, a green matter remaining at bottom. 
This, fuled again for an hour, with twelve parts of 
nitre, tinged the internal fides of the veflel of a green 
irs and, lafily, a biownilh green mafs, much lefs 
; i quantity than in the former operation, was left at 
the bottom. This green matter, treated in the fame 
for two hours a third time, left a grey fcoria at the 
IB, which yielded no regulus with black rh'X. 
other portion of thefarae regulus, treated in the 
way with nitre, was diflblve 1, and became green ; 
yet on being freed by ablution from the alkaline fait, 
it yielded no with black flax, but only fcoria 

of an hyacinthine colour mixed with blue, tinging ni- 
trous acid of a green colour, concreting into a jelly, and 
on evaporation leaving a grecnilh calx behind. 

Another portion of Cronftedt's regulus was kept 
fume hours in the crucible with 16 pans of nitre ; by 
which means all the arfenic was tint frparated; then 
the phlogifticated nitrous acid ; and, bully, the fides 
of the veflel were penetrated by a kind ot green efflo- 
refcences. The mafs, after being walked with water, 
was of a dilute green colour, and tinged borax of a 
grecnilh brown. A green powder was ftill yielded, 
after treating this in the fame manner with 12 parts of 
nitre; and on reducing it with one-half black flux, 
one-eighth borax, and as much lime, a yellowifh 
white regulus, both magnetic and malleable, was ob- 
tamed, p 1 < he properties of nickel. Its 

:ific gravity was 9.000; the phlogilhc ingredient 
I in final! quantity, that the iron might, if 
, enter the fcoria. 
I having appeared from this and fome other expe- 
riments, that nitre was capable of difcovering the 
ity of cobalt contained in nickel the 
• the' former operations were now 
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n. The regulus pr by repeated 
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volatile alkali (to be tftervt ar Is particularly m< ntioned) 
difcovcrcd a conliderabje 1 cobalt, nor 

there any one which dm 1 (cover more 01 lefs 

of that ingredient by this trial. 

V. Li) Sal Ammoniac. a 

A calx of nickel, fo much freed from cobalt that it Vmet of 
did not tinge borax in the lead, mixed with twice '»* «*»■»•■ 
its weight ol fal ammoniac, yielded by fublimatioll 
with a ltrong red heat, two kinds of flowers ; one, 
which role higher than the other, was of an all) colour; 
the other white. The button ot the glafs was llained 
of a deep hyacinthine colour; the reiiduUffl was divided 
into two ltrata; the upper one yellow, fcaly, and 
(hining like mofaic gold. With borax it afforded an 
hyacinthine glafs, but not regulus ; and in a few days 
liquefied in the air, acquiring a green colour and the 
confidence of butter. The nliduum Ihowed the fame 
properties with calx of nickel; and the green folution 
Ihowed no vefliges of iron with galls, but became blue 
with volatile alkali ; which was alio the cafe with the 
flowers. The lower ilratnm contained a calx, blackifh 
on the upper part, but of a ferruginous brown in the 
under, with a friable ami fcarcely magnetic regulus, ot 
a rcddilh white. The blackifh calx yielded an, hya- 
cinthine glafs with borax. Part of this llratum fat- 
limed with twice its quantity of fal ammoniac; and 
with the fame degree of heat as before, yielded flowers 
of a very fine white, with a rulidmim of ferruginous 
brown, greenifli on the upper part towards the (ides of 
the veifel, the bottom being Itained of an hyacinthine 
colour as before. Twenty pins of fal ammoniac being 
added to a part of the inferior llratum reduced, the 
whole was fublimed in a retort ; a blackilh powder re- 
mained, which became green by calcination, and of 
an hyacinthine colour by fcorification, as did alfo the 
bottom of the containing veifel. The fublimaiion be- 
ing twice repeated, nfing .1 double quantity of fal am- 
moniac each time, the calx became at length very green, 
ditfolving with the fame colour in the nitrous acid, and 
yielding by reduction a white, brittle, and very little 
magnetic regulus. In all thefe hibernations, it was 
obferved, that the volatile alkali role firft ; then fal 
ammoniac; and, laflly, a part of the marine acid was 
forced over by the violence of the heat. 

VI. With Nitrous acid. 

Having obtained a fait by cryftallization from nickel Effedb of 
diflblved in nitrous acid, part of this was calcined with antimony, 
charcoal duft in a proper veifel, and during the opera- 
tion a large quantity of arfenic was diflipated ; a grey, 
femiductile, and magnetic regulus being obtained after 
reduction. A brittle regulus was obtained altera fe- 
cond folution, precipitation, anil reduction; but by a 
third operation it became again femiductile and mag- 
netic. By repeating this procefs a fourth and fifth 
time, the quantity became fo much diminiflicd that it 
could no longer be tried. In all thefe folutions a 
blackilh reliduum appeared ; which, when fuffcrcd to 
remain in the acid, grew white by degrees; but whin 
edulcorated and laid on a burning coal, exhaled a fnl- 
phoreons fmoke, and left a black powder foluble in 
the nitrous acid. 

VII. By 
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VII. By volatile Alkali. 

Four hundred and eighty-feven parts of a calx of 
nickel, produced by diffolving Cronftedt's regulus in 
nitrous acid, and precipitating the folution by a fixed 
alkali, being immerfed for 24 hours. in a quantity of 
volatile alkali, yielded a refiduum of fifty, having 
a blackifli green colour. The folution, which was blue, 
by filtration and infpiffation yielded a powder of a light 
blue colour, weighing 282 ; which, reduced with 
black flux, produced a white, femiductile, and highly 
magnetic regulus, weighing 35, whole fpecific gravity 
was 7.000. The fcorias were of a light red : but 
when mixed with borax, put on an hyacinthine colour, 
and yielded a regulus weighing 30. The two re- 
guli united together proved very refractory ; fo that 
the mafs could not be melted by the blow-pipe, even 
with the addition of borax. It fent forth neither an 
arfenical nor iulphureous fir.ell on the addition of char- 
coal-dnft; but, on a fucceeding reduction, yielded hy- 
acinthine fcoriae; and the remaining flocculi, diffolved 
in nitrous acid, affording a very green folution, which, 
on the addition of volatile alkali, yielded a powder of 
the fame colour. 

From 50 parts of the blackifli green refiduum, 13 
of a clear white, brittle, fquamous, and little magne- 
tic regulus, were obtained, thefpecific gravity of which 
was 9.353. At the bottom of the veffel was found a 
fcoria 01 an obfeurely blue colour, with the upper part 
hyacinthine. It was eafily fufed ; and tinged borax, 
firft blue, then of a hyacinth colour, upon which it 
became more ftrongly magnetic. By the affiflance of 
heat it diffolved in nitrous acid, forming a folution of 
a beautiful blue colour. A black powder at firft float- 
ed in the liquor, but became white, and fell to the bot- 
tom. After edulcoration it was for the moft part dif- 
fipated, with a fulphureous fmell, on being expofed to 
the fire ; a little brown-coloured mafs, foluble in vola- 
tile alkali, remaining at bottom. This folution was 
precipitated by phlogifticated alkali, and a powder 
thrown down of the colour of calx of nickel, which 
foon grew blue with volatile alkali. 

From all thefe experiments it appears, that nickel 
cannot be obtained in a ftate of purity by any means 
hitherto known. From every other fubftance, indeed, 
it may be feparated, except iron ; but this refifts all 
the operations hitherto defcribed, and cannot be di- 
miniflied beyond certain limits. The magnet not only 
readily difcovers its prefence, but fome portions of the 
regulus itfelf becomes magnetic ; but the tenacity 
and difficulty of fufion, which increafe the more in 
proportion to the number of operations, plainly fhow 
that there is no hope of feparating the whole quantity, 
unlefs we fuppofe the regulus of nickel itfelf to be at- 
tracted by the magnet ; and there is certainly a pof- 
fibility that one other fubftance befides iron may be 
attracted by the magnet. The great difficulty, or ra- 
ther impoffibility, of obtaining it in a ftate of purity, 
naturally raifes a fufpicion of its not being a diftinct 
femimetal, but a mixture of others blended together ; 
and on this fubject our author agrees in opinion with 
thofe who fuppofe it to be a compound of other me- 
tals. Indeed, Mr Bergman is of opinion, that " nic- 
kel, cobalt, and manganefe, are perhaps no other than 
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modifications of iron." And in order toafcemia this, 
he made the following experiments. 

1. Equal parts of copper, of the gravity of 9.3243, ExpVn- 
and iron of 8.3678, united by fufion with black flux, me nts t« 
yielded a red mafs, whofe fpecific gravity was 8.5441 ; compofe 
and which tinged nitrous acid firft blue, then green, nickel arti- 
afterwards yellow, and at laft of an opaqne brown, filially. 
2. Two parts of copper and one of iron had a fpecific 
gravity of 8.4634 ; the mixture yielding firft a blue, 
and then a green folution. 3. Equal parts of copper 
and iron, of the fpecific gravities already mentioned, 
vvitli another part of cobalt whofe gravity was 8.1500, 
yielded a metal of the gravity of 8.0300, imparting a 
brown colour to the folution. 4. Two parts of arfe- 
nic of 4.000, added to one of copper and another of 
iron, gave a brittle metal of 8.0468, which formed a 
blue folution. 5. One part of copper, one of iron, 
two of cobalt, and two of white arfenic, gave a brittle 
regulus of 8.4186 ; the folution of which was brownifli, 
and feparated in part fpontaneoufly. 6. One part of 
copper, one of iron, four of cobalt, and two of white 
arfenic, formed a mafs of 8.5714. The folution W2S 
fomewhat more red than the former ; and a fimilar 
effect took' place on repeating the experiment, on- 
ly that the fpecific gravity of the metal was novr 
8.2941. 8. One part of iron and four of white arfe- 
nic formed a metal which diffolved with a yellow co- 
lour ; and, on the addition of Pruffian alkali, imme- 
diately let fall a blue fediment. 9. One part of cop- 
per, eight of iron, lixteen of white arfenic, and four 
of fulphur, united by fire, on the addition of black 
flux, yielded a mafs which, though frequently calci- 
ned and reduced, produced nothing but brown or 
ferruginous calces. It acquired a greennefs with ni- 
trous acid; but on the addition of phlogifticated al- 
kali depofited a Pruffian blue. ic. One part of iron 
was diffolved in fix of the nitrous acid, and likewifc 
feparated by one part of copper and one of the calcined 
ore of cobalt, in the fame quantity of the fame acid. 
The whole of the folution of iron was then mixed with 
five parts of the folution of copper, whence a green 
and faturated nickel colour was produced ; which, 
however, on the addition of three parts of the folution 
of cobalt, became evidently obfeured. The alkaline 
lixivium dropped into this threw down at firft a ferru- 
ginous brown fediment, the folution ftill remaining 
green : afterwards all the blue was precipitated ; by 
which at firft all colour was deftroyed, but afterwards 
a red appeared, occafioned by the cobalt diffolved in 
the alkaline fait. The fediment, when reduced, yielded 
a regulus fimilar to copper, and at the fame time duc- 
tile, which tinged both glafs and nitrons acid of a blue 
colour. If a faturated folution of nickel be mixed 
with half its quantity of folution of cobalt, the green 
colour is much obfeured ; but four parts of the former, 
on the addition of three of the latter, put off all ap- 
pearances of nickel. See the article Nickel. 
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The properties of this metal have not as yet been The hea- 
thoroughly inveftigated by chemifts, and there is there- vieftofall 
fore fome difagreement concerning them. Formerly mcts d s - 
it was fuppofed to be inferior in fpecific gravity to 
A a g id , 
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-• gold ; bit now is generally allowed to be Inferior in 
v ' that refpeel by little Id's than a fourth pan ; being to 

: in the proportion ol 23 to 1 when perfectly 
fried from all heterogeneous matters. Mr Berg- 
that its colour is that of the pureft lil- 
Thc very fmall globules of it arc extremely mal- 
leable ; but when ma y t thefe arc collected together, 
they can lean . perfectly fufed as to prclti ve 

me degree ot malleability. They are not affec- 
ted by the magnet in the leall, nor can they be dif- 
I in .my lnnple menltiuum excepting dcphlogi- 
cd marine acid. As it is commonly met with, 
tt\ r, platina has the form of fmall grains, us 
1 > of a blnifli black, whole colour is intermediate 

! >ct\vixt thofe of lilvcr and iron. Thefe grains are 

\(.d mixed with many foreign lubllances, as particles of 
:, mercury, and bhckifli ferruginous, l^ndy grains, 
which by the magnifier appear icon tied. The grains 
■' 1 vis, when examined by a magnifying glafs, ap- 
pear fbmet i lies regular, fometimes round and flat, 
like a kind of button. When beat on the anvil, molt 
ot [bent are flattened ind appear ductile ; fome break 
i:i pi tees, and on being narrowly examined appear to 
be hollow, and panicles of iron and a white powder 
have been lound within them : and to thefe we mn ft 
attribute the attraction of platina by the magnet ; 
ilnce, as we have already obferved, pure platina is not 
attracted by it. 

Mr Bergman, who can fully examined this metal, 
diflblved it lint in aqua-regia compofed of the nitrous 
and marine acid. The folution at firft exhibits a 
yellow colour, but on approaching to faturation be- 
came red, and the rcdntfs increafes as the liquor be- 
comes more loaded with metal. Cryftals arc produced 
by evaporation of a deep red colour, generally in 
fmall angular and irregular grains, whole true lliape 
«annot be difcovered. Their appearance is fometimes 
oqaque and fometimes pellucid. After thefe are once 
for%ied, they arc extremely difficult of folution, re- 
quiring much more water than even gypfum itfelf for 
this purpofe- —The folution is not precipitated by vege- 
table fixed alkali, nor does the latter a ft eel the cryftals, 
except very faintly by digellion with them in a canftic 
riate. Aerated mineral alkali takes them up and grows 
yellow, but without depositing any thing, though it 
decompofes them at lafl by evaporating to drynefs. 
'^ f On the addition of a fmall quantity of vegetable 
platina may fixed alkali, either mild or cauflic, fmall red cryftals 
be decom- foluble in water, and fometimes of an octohedral fi- 
pofed by gore, are depofited. They are decompofed with 
rnineraJbut difficulty by the mineral alkali, but not at all by the 
{""''if"" vegetable. If a larger quantity of fait is added at 
lirlt, an mfoluble fpongy matter of a yellow colour is 
precipitated. CryfUlline particles of the fame kind 
are thrown down by an alkali faturated either with 
the vitriolic, nitrous, marine, or acetous acids, though 
all the platina cannot thus be feparated from the men- 
ftrtuim. 
Solution in Aqua-regia, compofed of nitrous acid and common 
3«]aa-rcg!a fair, diilblved the metal with equal facility as the for- 
made with mc r ; only the folution was more dilute, and a yel- 
nitrousarid ]ow uted on the furface, a larger quantity 
and th-t < 1 , ,- i .. .1. .1 r\~ „j.t:.,„, ,,„^„..,ui- c 
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being found at the bottom. On adding vegetable fix- 
ed alkali to the clear folution, a copious yellow pow- 
der, foluble in a large quantity of water, was depoiited. 



A powder, of a fimilar kind, was precipitated, tho* Platina. 
more llowly, and more of a oyllalliuc nature; but "~ v 
mineral alkali, though ufed in much larger quantity, 
did not make any alteration. The collected po 
was yellow, and agreed in property with that fepara- 
ted fpontaneoufly in a former experiment. 13*4 

On repealing the experiment with nitre and depu- 'n a liquor 
rated fpirit of fait, inftead of nitrous acid and fea-falt, c«>mpofcd 

1 ■ ■ x*ir 1 j • 111 J i- of ml 

the platina was dillolved into gold-coloured liquor, a . .. of 
greenilh coloured granulated matter falling to the bot- lait> 
torn, and the finer part of the fame riling to the top. 
Alter faturating the fuperrluous acid, a metallic calx, 
infoluble in water, was thrown down by the vegetable 
alkali. The green powder is foluble in water, and is 
of the fame nature with the precipitate thrown down 
by the vegetable alkali. 1325 

Platina precipitated from aqua-regia by a fufficii nt Cryualline 
quantity of mineral alkali, tlu precipitate wailied and powder 
diilblved in marine acid, on the addition of vegetable r r "'P lta " 
alkali immediately lets fall a cryftalline powder, as it ^ui^^i" 
does alio with nitre and other falls, having the vegeta- r rom fo i u . 
ble alkali tor their bafis. The cafe is the fame with calx tionofthe 
of platina, diiK.tved in vitriolic acid. Nitrous acid alio calx in ma- 
diflblvcs the calx of platina, but does not yield any di- rinc acid ; 
ftinct fa line precipitate without the affiflance of marine J ^ a " 
acid. — The above phenomena are likewifc produced by j^ ut no £ 
the precipitate thrown down by the vegetable alkali af- f ivition ia 
ter the faline powder has been depoiited. nitrous a- 

From thefe experiments our author concludes, i.eid. 

That the precipitate which is firft thrown down, on '3*7 

the addition of vegetable alkali to folutions of platina, Th,s l )reci " 

is a faline fubfUnce, and different from the calx of P!*'?* a . 
, , .',.,.. .. kind ol tr>- 

the metal, a. That this faline precipitate is compo > t ^ 

fed of calcined platina, marine acid, and vegetable al- 
kali. 3. By means of vitriolic acid, a precipitate ana- 
logous to this may be obtained, compofed of calcined 
platina, vegetable alkali, and vitriolic acid. 4. The 
whole folution of platina cannot be precipitated by vc- 
le alkali in form of a triple fj.lt; but after pa fs- 
ing a certain limit, a metallic calx in the ufual way is 
produced. , 3a8 

As it has been denied by Margraaf and Lewis that Whether 
mineral alkali is capable of feparating platina from its mineral ul- 
acid, our author was induced to attend particularly to kau can fc " 
this cirenmftance. Having therefore tried the com- P ara ' c P*" 
mon folution with mineral alkali, he found that each drop •!"# , rom ; 
excited a violent eflervefcencc, and at laft that a yel- 
low fpongy matter, affording a genuine calx of pla- 
tina, was precipitated : this was more fpeedily effected 
by ufing the dry mineral alkali, which had fallen to 
powder of itfelf. To -determine, however, the dif- 
ference betwixt the two alkalies in a more accurate 
manner, he divided a very acid folution of platina in- 
to two equal parts. To one of thefe, he added fmall 
portions of the vegetable, and to the other an equal, 
weight of pieces of mineral alkali, waiting five mi- 
nutes after every addition, till the effcrvefcence fhould 
fully ceafe. After the firft addition, fmall cryftals ap- 
peared ; in the former partly on the furface, and partly j-7 ' 3 r' 
in the bottom; but in the latter no precipitate could timJsas 
be obferved until 56 times the quantity of vegetable much mi- 
alkali had been added. The difference, however, was neral M.i\i 
even greater than what appears from this experiment ; required to 
for the vegetable alkali was cryftallized, and therefore ^"'P'tate 
charged with the water neceffary to its cryftalline ^"^f ' 

form ; a ikali. 
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form; whereas the mineral alkali was fpontaneoufly 
calcined : and though, in equal quantities of thefe two 
alkalies, the purely alkaline parts are as 3 to 2, yet 
three parts of" vegetable alkali faturated only 1.71 of 
this aqua-regia, while two of the mineral alkali took 
up about 2.6. 

The volatile alkali firft throws down this metal in 
th^ volatile a faline form ; the grains fometimes diftinctly octo- 
alkali. hedral. Their colour is red when that of the folution 
is fo, but yellow when the folution is more dilute. 
After faturating the fuperabundant acid, the fame al- 
kali precipitates the platina truly calcined. This pre- 
cipitate is diffolved in water, though with difficulty, 
and may be reduced to more regular cryftals by eva- 
poration. Thefe are difTolved by the mineral alkali ; 
but hardly any figns of decompofition are to be ob- 
ferved, unlefs the yellow folution, evaporated to dry- 
nefs, be again diffolved in water; for then the metal- 
lic calx reds at the bottom, and the folution is de- 
prived of its yellow colour. The vegetable alkali has 
fcare any effect in this way; for, after repeated ex- 
ficcation, the folution remains clear and yellow : but 
here probably the fixed alkali takes the place of the 
volatile; for in larger quantities, and efpecially when 
the cauftic vegetable alkali is made ufc of, the mixture 
fmells of volatile alkali. 
Platina The v °l ac >l e alkali, faturated with any acid, pre- 

partlypre- cipitates the platina in the fame manner as the vege- 
eipitated table alkali in combination with acids : but thefe neu- 
by neutral tral falts precipitate only a determined quantity of pla- 
nts, tina; for after their effect has ceafed, the liquor lets 
fall a pure calx of platina on the addition of vegetable 
»,,* °r volatile alkali. 
Triple falts The calx of platina precipitated by mineral alkali, 
formed by and then difTolved in any fimple acid, Ihows nearly the 
this metal, fame phenomena with volatile alkali as with the vege- 
table alkali. " Whence (fays Mr Bergman) we may 
conclude, that platina diffolved in acids forms at firft, 
both with the volatile and fixed vegetable alkali, a 
triple fait, difficult of folution, and which therefore al- 
moft always falls to the bottom unlefs the quantity of 
water be very large." Calcareous earth, whether ae- 
rated or cauftic, produces the fame phenomena as the 
1333 mineral alkali, without any cryftalline appearance. 
Platina the Platina has been remarkable ever fince its firft dif- 
moft infu- cover y f or being the molt infufible fubftance in the 
fjblefub- wor | c j > MelTrs Macquer and Beaume kept it in the 

it3.ncc in 

theworld. mo ^ v i°' ent heat of a glafs-houfe furnace for feveral 
days without perceiving any other alteration than that 
its grains adhered flightly to each other; but the ad- 
hefion was fo flight that they feparated even by touch- 
ing. In thefe experiments the colour of the platina 
became brilliant by a white heat, but acquired a dull 
grey colour after it had been heated for a long time. 
They obferved alfo, that its weight was conftantly in- 
creased ; which undoubtedly arofe from the calcination 
of the iron it contained. Dr. Lewis, after various at- 
tempts to fufe platina, found himfelf unable to fuc- 
ceed even in a fire which vitrified bits of glafs-houfe 
Firft melt- P ots anc * Heffian crucibles. MefTVs Macquer and 
ed by a Beaume firfl melted this refractory metal with a large 
burning-glafs, 22 inches diameter and 28 inches fo- 
cus. The power of this fpeculum was almofi: incre- 
dible, and far exceeded what is related of the lens of 
Tichirnhaafcn or the mirror of Villette. Its general 
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effects are related under the articl BvRKiy.c-Giafs. Platina. 
And as platina rclifted thisintenfe heat more than fix v "~"^ / 
times as long as the mofl unfuiible fubftances formerly 
known, it appears to require a fire as many times T . 
ftronger to melt it. It has been found, however, ca- May be vi- 
pablc not only of fufion but of vitrification by the e- trifled by 
leetric fire; and that it may alfo be melted by fire ex- ele&ric 
cited by dephlogifticated air : b it M. de Lifie was the & te ' 
firft who was able to melt it with the heat of a com- 1336 
mon forge when expofed to the bla.fl of a double bel- Its preci^i- 
lows in a double crucible. Thus its real fpecific gra- * ate fufiblc 
vity began firft to be known. It muft be obferved, in 
however, that this fufion was not performed on com- 
mon platina, but on fuch as had been diffolved in aqua- 
regia and precipitated by means of fal ammoniac. 
M. Morvean repeated the experiment, and from 72 
grains of platina obtained a regulus weighing 50; ; 
which fcemed to have undergone a very imperfect fu- 
fion ; for it did not adhere to the crucible or take its 
form, but feemed to be merely platina revived. Its fpe- 
cific gravity was alfo found to be no more than 10.045 ; 
but it was nearly as malleable as filver ; and when it 
had been fufficiently hammered, its fpecific gravity 
was augmented to no lefs than 20.170, which is more 
than that of gold itfelf. M. Morveau found that he This'preci- 
could melt the precipitate with different fluxes, fuch P'tate, or 
as a mixture of white glafs, borax, and charcoal, and eve V crDd * 

a mixture of white glafs and neutral arfenical fait : £, 1 tl ? a > , 

, , , 1 1 1 • j 1 id>lc by the 

and that the regulus thus obtained was more complete- a flift ance 

ly fufed, but was not malleable, and obeyed the mag- f fluxes, 
net; but the regulus obtained without addition did 
not fhow this mark of containing iron. He alfo found, 
that by means of the abovementioned flux of white 
glafs, borax, and charcoal, he could melt crude pla- 
tina. Since that time the fufion of platina has been 
accomplished by various chemifts, and with different 
fluxes; and in proportion to the degree of purity to 
which the metal has been reduced, its fpecific gravity 
has alfo increafed ; fo that it is now fettled at 23, 
that of fine gold being 19. • 

Though Dr Lewis could not accomplifh the fufion Alloyed by 
of platina by the methods he attempted, he was ne- Dr Lewis 
verthelefs able to alloy it with other metals. Equal with other 
parts of gold and platina may be melted together by meta l s - 
a violent fire, and the mixed metal formed into an 
ingot by pouring it into a mould. It is whirifh, hard, 
and may be broken by a violent blow; but when 
carefully annealed, is capable of confiderable extenfion 
under the hammer. Four parts of gold with one of \Yith e-oM 
platina form a compound much more fufible than the 
former, and likewife more malleable ; fo that it may 
be extended into very thin plates without being bro- 
ken or even fplit at the edges. Dr Lewis remarks 
alfo, that though in this cafe it be alloyed with fuch a 
quantity of white metal, it neverthelefs appears no 
paler than guineas ufually are, which contain only 
one-twelfth of filver. 

Equal parts of filver and platina melted together withfil- 
with a violent fire, form a much harder and darker- ver. 
coloured mafs than filver, which has alfo a large grain, 
though it preferves fome ductility. Seven parts of 
filver with one of platina form a compound much more 
refembling filver than the other; but ftill coarfer- 
grained and lefs white. From the experiments made 
on filver, however, it appears that no perfect union is 
A a 2 formed 
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.: the two ; for after the mixture has 
* ¥ ' been kept in fulran for a conlidtrable time, mod of the 

e bottom. Lewis ob- 
meltcd with platiiu was thrown up 
v. t . desof the crucible. 

r did not appear to be in any degree meliorated 
:iion with this metal, excepting by the fupcrior 
hardnefs communicate. I to it; but copper feemed to 
mfiderably improved. A large proportion ot pla- 
tii. , as two-thirds or equal parts, produced an 

"u" h.ird, brittle, and coarfe-graincd compound; but when 
I r quantity of plattna is added, astrom \ I 
or even left, a golden-coloured copper is produced, 
malleable, harder, fofceptible of a finer poliih, 
her-grained, and much lefs fubjeft to calcina- 
ld ruft than pure CO] 
moft Of all metallic matters, however, zinc moft readily 
unites with platina, and is moft effectually diilblvcd by 
with sine; fafion. When the proportion of platina is conlidtr- 
able, the metal is of a bluifh colour, the grain cloftr, 
without urniihing or changing colour in the air, and 
they have not even the malleability of the femi- 
metal. 

Plattna unites readily with the compound metals, 

formed of copper and zinc, and bronze made of 

i- and tin. In the latter it was remarkable, that 

the compound metal took up more platina than both 

its ingredients feparately can do. This compound 

was hard and capable of receiving a fine poliih, but is 

,&, to taruiih. 

Equal parts of brafs and platina formed a compound 

very hard, brittle, capable of receiving a tine poliih, 

and not fubjeel; to tarniih. It is poflible therefore that 

it might be ufed to advantage as a material for fpecu- 

loms; all materials for which, hitherto difcovered, 

have the great inconvenience of urniihing in the air, 

and that very quickly. 

pia :es with mercury, but with much 

;y than gold, which will alfo feparate 
xvithnur- the quickfilver after it has been united with the pla- 
tvj. t , nu The am »n of platina does not fucceed 

but by very long trituration of the metals with water, 
i.u* as for inftance a week ; but if the trituration be pcr- 
7 formed with a mixed metal compofed of gold and 
r '" 1 ' platina, the mercury feizes the gold, and leaves the 
uhe'with platina untouched. Dr Lewis propofes this as a me- 
thod of feparating gold from platina; and it is that 
nfed in Peru, where gold and platina are iometimes 
naturally mixed in the ore ; but we do not know whe- 
ther this reparation be quite complete. 

Mr Morvcau fucceeded in uniting iron with platina, 
uin w though Dr Lewis could not accomplifh this. The 
I mer fucceeded, however, in "uniting it with caft iron. 
iron; The compound was much harder and lefs fubject to 

ruft than pure iron. It was alfo fufceptible of a 
IJ4 8 much finer poliih. 
And with Platina may be alloyed with tin, lead, or oH- 
tin, lead, or math, but without any advantage. To lead and tin 
biiinuth. i t crives the property of ainiming blue, vh-let, or pur- 
ple* co^urs, by being expofrd to the atmofphere. 

Dr Lewis could not fucceed ia uniting platina with 
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arfenic ; but M. Sci if only one l'lat i na. , 

twentieth of arfenic be added to platina when red hot , ,, K> 
in a crucible, the two fubfl 1 be 

fufed and united into a brittle grey mafs. Tl 
riment did not fucceed with MrMargraaf; for be, 1 
havi; nt fire during an hour a mix- *nevc 

tore of an ounce of platina with a fufible glafs, com- 
pofed of tight ounces of minium, two ounces of ilints, 
and one ounce of white arfenic, obtained a regulus of 
platina well united and fufed, weighing an ounce 
and ^2 grains; the furfaee of which was fmooth, 
white, and Ihining, and the internal parts grey ; but 
which neverthelefs appeared fufficiently wliite when 
filed. The - at fucceeded imperfectly alfo in the 

hands of Dr Lewis; but M. Fourcroy informs us, 
that " it has lince been repeated, and that platina is 
in fad very fufible with arfenic, but that it remains 
brittle. In proportion as the arfenic is driven off by 
the continuance of the heat, the metal becomes more 
ductile; ami by this procefs it is that M. Achard and 
M. de Morveaa fucceeded in making crucibles of pla- 
tina by melting it a fecond time in moulds." (a) i^jw 
M. Fourcroy feems to deny that platina can be Fourcroy 
united with mercury, contrary to what is mentioned d«ue» that 
above. " Platina (fays he) does not unite with mer- j^™^"" 
cury, though triturated for feveral hours with that with mer . 
• metallic fluid. It is likewife known, that platina re- cury< 
fifts the mercury nfed in America to feparate the gold. 
Many intermediums, fuch as water, ufed by Lewis and 
Beaurae, and aqua regia by Scheffer, have not been 
found to facilitite the union of thefe two metals. In 
this refpeel platina feems to refemble iron, to whofe 
colour and hardnefs it likewife in fome meafure ap- 
proaches." This laft fentence, however, feems very 
little to agree with what he himfelf had before roid us j^SJ 
of M. Macquer's experiment of melting platina. " The inconfift- 
melted portions (fays he) were of a white brilliant cnt in his 
colour, in the form of a button; ihey could be cut to account of 
pieces with a knife." This furely was a very fmall ap- ,ts 
proach to the hardnefs of iron; and gives us an idea 
rather of tlfl conliftence of tin or lead. " One of 
th(fe mafTes was flattened on the anvil, and converted 
into a thin plate without cracking or breaking, but it 
became hard under the hammer." In another expe- 
riment indeed rhe button of platina was brittle, and 
fufficiently hard to make deep traces in gold, copper, 
and even iron ; but this was obtained from precipita- 
ted platina urged for 35 minutes by a ftrong blaft fur- i35» 
nace. In an experiment of this kind M. Bcaume even "*«ipito- 
fucceeded in melting the precipitate along with ceT- ^j r ^ c d^l 
tain fluxes, into a vitriform fubltar.ee by two different M.Bcauml 
proceiTcs. The precipitate of platina, mixed with 
calcined borax, and a very fufible white glafs, was ex- 
pofed, for 36 hours, in the hotteft part of a potter's 
furnace; and afforded a greenifli glafs, inclining to 
yellow, without globules of reduced metal. Tin's glafs, 
treated a fecond time with cream of tartar, gyplinn, 
and vegetable alkali, was completely melted, and ex- 
hibited globules of platina difperfed through its fub- 
ftance. M. Beaume feparated them by warning, and 
found them ductile. The fame chemift afterwards, to- 
gether 
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Platina. gether with M. Macquer, expofed precipitate of pla- 

v ~-v ' tina to the fame burning mirror with which they had 

fufed the metal : the precipitate exhaled a very thick 
and luminous fume, with a itrong fmell of aqua-regia : 
it loft its red colour, rtfumed that of platina, and melt- 
ed into a perfect brilliant button, which was found to 
be an opique vitreous fubftanee, of an hyacinthine co- 
lour at its furface, and blackilh within ; and may be 
confidered as a true glafs of platina. It may however 
be obferved, that the faline masters with which it was 
impregnated contributed doubtlefs to its vitrificati- 
on. 

" The orange-coloured precipitate obtained by pour- 
ing a folution of fal ammoniac into a folution of pla- 
tina, appears to be a faline fubftanee entirely foluble 
J 353 * n water - This precipitate has a valuable property, 
Precipitate difcovered by M. de 1'lfle, viz. that it isfufiblc without 
by fal am- addition in a good furnace or common forge-heat. The 
momacfu- platina nrelted by this procefs is a brilliant, denfe, and 
V. e in a clofe-grained button ; but it is not malleable unlefs it 
fo'rec'hcat. nas neen expofed to a very ftroug heat. Macquer 
thinks that this fulion, like that of the grains of 
1354 platina alone, expofed to the action of a violent fire, 
This fufion confifts only in the agglutination of the foftened par- 
fuppofedby tides ; which being exceedingly more divided and mi- 
Macquer niue t ] ian t h e g ra ins of platina, adhere to asd touch 
each other in a greater number of points than the 
grains ; and in that manner render the texture of the 
metal much more denfe, though no true fufion may 
have taken place. It feems, however, that if platina 
in grains be capable of fufion by the burning glafs, and 
of becoming considerably ductilt, the precipitate of 
this metal, formed by fal ammoniac may likewife be 
fufed on account of its extreme divifion ; and that its 
not being as ductile as the button of platina fufed by 
the folar heat, may perhaps depend on its retaining a 
part of the matter it carried down with it in precipi- 
tation, of which it may be poifible to deprive it by 
fire." 

It being fo extremely difficult to bring platina itfelf 
into fufion, one of 'he fir ft attempts to purify it was 
platina by by cupellation with lead. Thus the bafer metals would 
«upellation be fcorified ; and, running through the crucible along 
with ihe lead, le c ve the platina in as great purity as 
though it had been melted by itfelf. This operation, 
however, was found almoft equally difficult with the 
fufion of the metal by itfelf. Lewis failed in the ex- 
periment, though he applied the moft violent heat of 
the ordinary cupelling furnaces. The vitrification and 
abforption of the lead indeed took place as ufual ; 
but in a ihort time the platina became fixed, and could 
not by any means be rendered fluid. Mdfrs Macquer 
and Beaume fucceeded by expoiing an ounce of pla- 
tina with two ounces of lead in the hotteft part of a 
porcelain furnace, where the fire is continued for 50 
hours without intermitfion. At the end of the opera- 
tion the platina was flattened in the cupel ; its upper 
furface was dull and rough, and eafily Separated ; but 
its under furface was brilliant, and it was found ealily 
to extend under the hammer ; ami on every chemical 
trial was found to be perfectly pure, without any mix- 
ture of lead. M. de Morveau likewife fucceeded in 
cupelling a mixture of one drachm of platina and two 
drachms of lead in M. Macqufr's wind-furnace. The 
operation lafted eleven or twelve hours, and a button 
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of platina was obtained which did not adhere to the Platina.^ 
cupel, was uniform, though rather rough, and of a v 

colour refembling tin.' It weighed exactly one drachm, 
and was not at ail acted upon by the magnet. Thus 
it appears that platina may be obtained in plates or la- 
minx, which may be forged, and confequently may 
be employed in making very valuable utenlils ; and this 
the more efpecially as Mr Beaume has obferved that 
different pieces of it may be welded and forged like 
iron. After having heated two pieces of pure cupel- 
led platina to whitenefs, he placed them one upon the 
other, and finking them brifky with a hammer, found 
that they united together as quickly and firmly as two 
pieces of iron would have done. x ,,g 

The great fpecific gravity of platina has rendered it of the poC- 
a very defirable matter for fuch as wifh to adulterate fibility of 
the precious metal, and can procure the platina eafily. adultera- 
This, however, can only be done in South America, tm S £° ld . 
where platina is met with in plenty. In Europe the Wlt P atl * 
fcarcity of platina renders it a more valuable object 
than even the gold itfelf. Fears of this fraud, how- 
ever, have undoubtedly given occafion to the prohibi- 
tion of exporting it. There are great differences a- 
mong chemifts concerning the quantity of platina that 
can be mixed with gold without deftroying the colour 
of the latter. Dr Lewis, as has already been obfer- 
ved, informs ns, that four parts of platina may be 
mixed with one of gold, and yet the mixture be no- 
paler than that for guineas ; while Fourcroy afferts, 
that "it greatly alters the colour of the metal, unlefs 
its quantity be very fmall : thus,, for example, a 47th 
part of platina, and all the proportions below that, do 
not greatly affect the colour of the gold." But whe- 
ther this be the cafe or not, chemiflry has afforded va- 
rious ways of feparating even the fmalleft propor- 
tion of platina from gold ; fo that there is now no 
reafon to prohibit the importation of it to Europe, 
more than that of any other metal with which gold 
can be alloyed. The following are the methods by ,„ J J 5 J ». 

1. , , ; , . . =, ... ,. r . J Methods or. 

which the platina may be moft readily difcovered : dete&ing 
I. By amalgamating the fufpected metal with mercury, this fraud 
and grinding the mixture for a confidcrable time with if it Should, 
water ; by which the platina will be left, and the gold keprytfi- 
remain united with the quickfilver. 2. By difiblving fed- 
a little of it in aqua-regia, and precipitating with al- 
kaline fait ; the remaining liquor, in cafe the metal 
has been adulterated with platina, will be fo yellow, 
that it is fuppofed a mixture of one thousandth part 
would thus be found out. 2. By precipitation with 
fal ammoniac, which throws down the platina but not 
the gold. If mineral alkali be ufed, the gold will be 
precipitated, but not the platina, unlefs the precipitant 
is in very large quantity. 4. By precipitation with 
green vitriol, which throws down the gold, and leaves 
the platina united with the menftruum. 15 -g 

All thefe methods, however, are not only attended Platina 
with a confiderable deal of trouble, but in fome cafes, moft eafily 
for inftance in fufpected coin, it might not be eligible dikover- 
to ufe rhem. The hydrofUtic balance alone . ffords ■ al ,le hy . lts . 

certain method of discovering mixtures of nut ds with- l reat peci " 
... r 1 ■ -r-. « c gravity, 

out hurting the texture of their parts. The great 

fpecific gravity of plaiina would very readily difcover 
it if mixed with gold in any moderate quantity ; and 
even in the fmalleft, the gravity of the mafs could ne- 
ver be lefs than that of the purelt gold : which cir- 

cumfta a. 
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for feveral days with an ounce of pure edloorlefi acid Mangandc 
oi nitre, did not appear to have d( j 1 men- 

ftruum ol its acidity, 01 to have been affected by it 
in any degree. The liquor being dillillcd off, ami the 
product or the diilillation poured back on the n ft- 



perforall encopi cr, ufually duum, a fmall quantity ol it was diffolved. By » 

third diilillation, and pouring back the liquor 011 the 
refiduum, a complete folution was effected ; and tii.s 



il jf- 



quautity of acid appeared capable of diffolving nine 
drachms of the powder. T362 

5. The Iolution of manganefe thus faturatcd, was precipitate 
filtered and divided into two equal portions. Into one and cryf- 
of thefe fome drops of vitriolic acid were poured, by tahobttin- 



vitriolic 

a4d. 



This fubflancc is now difcovered to afford a femi- 
tl different from all others, and like wife to poffefs 
.me oilier properties of a very Angular kind. Mr 
nugaacfe. Schctlc ba , hwcttigatcd its nature with the utmoft which a fine white powder was thrown down, which, ^ fohjd> 

, care ; and the refult of his inquiries are as follows : however, did not fettle to the bottom for fome hours. on 
Properties 1. Two drachms of levigated manganefe, digefted It was iblnbJe neither in boiling water nor m acids. 
•fthe com- f or f evcr al days in a diluted vitriolic acid, did not ap- The limpid (ohition, by evaporation, yielded iome 
» on mM - pear to be diuolved or dimintfoed in quantity s never- fmall cryftals of lelenite »r gyplum. _ 

" ihelefsa yellowifh white precipitate was procured by 6. From the other half ol this folntion, after eva- 
faturating. the acid with fixed alkali. The remaining poration by a gentle heat, about ten grams of fmall 
manganele was not afted upon by more of the fame mining cryftals of a bitter tafte were obtained. On 
acid" but the addition of another half ounce nearly pouring fome drops of vitriolic acid into the folntion 
deftroyed the acidity of the menftruum when boiled infpiffated by gentle heat, no precipitation, except- 
upoa j t ing of a little lelenite, enlued ; but as foon as it was 

2 With concentrated vitriolic acid an ounce of infpiffated to the confidence of honey, fome fine aci- 
maucanefe was reduced to a mafs like honey, and then cular cryilals, verging towards the fame centre, began 
expofed to the tire in a retort till it became red-hot. to form, but grew foft, and deliqnefced in a few days 
Some vitriolic acid came over into the receiver; and after. .,,.._» r I36j r 

alter breaking the retort, a mats was found in it 7- Phlogifticated nitrous acid dilTolves manganefe Manganefe 
weighing I2' r drachms, hard and white in the in- as readily as the phlogifticated vitriolic. A little le- &f olved 
fide? but red on the outfide. A great part of it dif- vigated manganefe mixed with fome water was put in- g^Jj*". 
folved in dillilled water, on the affufioo of which at to a large receiver, to which a tubulated retort was troug aci(L 
firft it became very hot. The refiduum after edulco- luted. Some ounces of common nitrous acid were 
ration weighed a drachm and an half, and was of a put into the retort, to which fome iron-filings were 
orey colour. Being calcined in a crucible with con- added, taking care always to clofe the orifice with a 
centrated vitriolic acid till no more vapours arofe, it glafs ftopplc. The phlogifticated nitrous acid thus 
was all diflblved by water excepting one drachm ; pa fled over into the receiver, and dilfolved the man- 
which being again calcined with the fame acid, an in- ganefe in a few hours : the folntion was as limpid aa 
foluble refiduum of a white colour, and weighing on- water, excepting only a little fine fiheeous earth. An- 
ly half a drachm, remained. This white refiduum other white precipitate, fimilar to that produced by 
effervefced with borax, and melted into a tranfparcnt adding vitriolic acid to the Iolution 111 pure nitrous 
brown glafs ; it likewife effervefced with fixed alkali, acid now began to fall; but in other refpefts this fo- 
ehanK'mg into a brown mafs, which yielded an hepatic lution agreed with the former. I; , 04 

fmell with acids, and became at the lame time gela- 8. An ounce of purified muriatic acid was poured Effedb of 
tinous The folution obtained by calcination was eva- upon half an ounce of levigated manganefe; which, it on fpint 
porated and fet to cryftallize. A few fmall cryftals after ftanding about an hour, aifumed a dark brown <*"!'• 
of felenite were firlt depolited, and afterwards fome colour. A portion of it was digefted with heat in 
very fine large cryftals of an oblique parallelopiped an open glafs veffel, and fmclled like warm aqua-regia. 
form whofc" number increafed as long as there was In a quarter of an hour the fmell was gone, and the 
any liquid left. They tafted like Epfom fait, and Mr folution became clear and colourlefs. The reft of the 
Weltfeld fuppofes them to be alum j but according to brown folution being digefted, to fee whether the mo- 
Mr Scheele they have no other refemblance to alum riatic acid would be faturated with manganefe, an ef- 

fervefcence enfued, with a ftrong fmell of aqna-regia, 
which lafted till next day, when the folution was found T 6 . 
to be faturatcd. Another ounce of acid was poured Entirely 
upon the refiduum, which was followed by the fame difforred 1 
phenomenon, and the manganefe was entirely diffolved, by thii 
a fmall quantity of filiceous earth only remaining. acid - 
The folution, which was yellow, being now divided 
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Entirely 
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than that they contain the vitriolic acid. 

a. By phlogifticated vitriolic acid the manganefe 
was entirely diffolved. To procure this acid in puri- 
byphlogi- ty, Mr Scheele dipped fome rags in a folution of al- 
fticited vi- k^ f tartar, and after faturating thejn with the 
ica * fumes of burning brimftone, put them into a retort, 
Dourine on them fome dilfolved acid of tartar, luting 






iver which contained levigated manganefe and into two portions, fome drops of vitriolic acid were 

ponred into the one, by which it inftantly became 
white, and a fine powder, infoluble in water, was pre- 
cipitated. Some fmall cryftals of felenite were form- 
ed by evaporation, and the refiduum exhibited the 
fame phenomenon with thofc abovementioned with ni- 
trous 



on a recc. 

water. After a warm di^eftion of only one day, the 
liquid of the receiver had become as clear as water, 
and a little fine powder, confiding principally of fili- 
ceous earth, fell to the bottom. 

4. Two drachms of levigated manganefe, digefted 
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Manganefe trous acid, by evaporating the other half, fome fmall 
* " ' fhining angular cryftals were obtained, funilar to thofe 
procured by means of the nitrous acid. 

9. Very little manganefe was diflblved by fluor acid, 
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bleinfluor even after feveral days digeftion. A great quantity 
aci(i » was required to form a faturated folution. It hail ve- 

ry little tafte, and gave a fmall quantity of precipitate 
with fixed alkali. But if a neutral fait, com poled of 
fluor acid and fal ammoniac, be added, a double de- 
compofition takes place, and the manganefe is precipi- 
, tated along with the fluor acid. 
Or in phof- IO - A drachm of phofphoric acid, digefted with as 
phoricacid. nrnch powdered manganefe, dilfolved but litle of it; 
and, though evaporated to drynefs, the refiduum tafted 
very acid; but by adding more manganefe the acid 
was at lafl faturated. On adding microcofmic fait to 
a folution of manganefe, a decompofition takes place 
fimilar to that effected by the combination of fluor 
acid and volatile alkali. 

11. Pure acid of tartar diflblved manganefe partly 
in the cold, and more effectually by means of heat. 
The whole, however, could not be diflblved, though 
the acid was at lafl faturated by adding a great quantity 
of the mineral. On adding a folution of foluble tartar, 
a double decompofition took place. 

12. Little was dilfolved by diftilled vinegar, though 
in the foiled on manganefe ; but after diftilling fpirit of ver- 

acetous. digris feveral times upon it, the acid at lafl became 
faturated. The folution, evaporated to drynefs, left a 
deliquefcent mafs. Little or none of the remaining 
manganefe was diflblved by concentrated vinegar, 
though repeatedly diftilled upon it. 

13. With acid of lemons the whole was dilfolved 
with effervefcence, excepting only fome white earth. 

14. Water impregnated with fixed air likewife dif- 
folved manganefe, but parted with it on the addi- 
tion of alkali, or fpontaneoufly by expofure to the 
air. 

From thefe experiments Mr Scheele concludes, that 
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abovementioned diftillations cannot be diflblved by Manganefe 
adding more of the vitriolic or nitrous acids: but if that > ~- v 
which has come over into the receiver be poured back 
into the retort, a folution will again take place by rea- 
fon of the manganefe reafluming the phiogifton it had 
parted with to the acid. 1376 

On this principle our author explains the reafon of Partial fo- 
the partial folutions of this mineral abovementioned. lutions of 
Part of it is diflblved, for inftance, in the vitriolic acid, man g ane f c 
while the remainder is found infoluble. This happens e n P tm " e 
(fays he), " becaufe the undiflblved portion has parted principle, 
with the little phlogiflon it naturally poifefled to that 
portion of manganefe which is taken up by the vitri- 
olic acid during the firft digeftion ; for without that 
principle it is infoluble." 

Manganefe attracts phlogiflon more ftrongly when 
combined with fome acid than by itfelf, as appears 
from the following experiments. I377 

1. Levigated manganefe, digefted or boiled with a Strong ac- 
folution of fugar, honey, gum arabic, hanfhorn, jelly, traction of 
&c. remains unchanged ; but on mixing the pounded ma,1 ganefe 
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fixed air. manganefe has a flrong elective attraction for all phlo- 
137a giftic fubftances ; and that this attraction becomes 
Hasaftrong ftronger, if there be prefent a menftruum which can 
attraction unite with the phlogifticated manganefe. Thus it at- 
for phlogi- trac cj s phi gi(ton more powerfully than even the nitrous 
™" . acid itfelf in the moifl way. By faturation with 
Becomes phlogiflon, manganefe has the property of lofing its 
white by black colour, and afTuming a white one, which is 
faturation unufual, the phiogifton generally communicating a 
with phlo- black or dark colour to the fubftances with which it was 
gifton. un i te d. 

Contains That manganefe naturally contains fome phlogiflon, 

fome phlo- though but in fmall quantity, appears from evapora- 
gifton na- ting a folution of it in vitriolic acid to drynefs, and 
twrally. then diftilling the mafs in a glafs retort in an open fire. 
When the retort begins to melt, the acid parts fly off 
from the manganefe in a fulphureous ftate, leaving the 
former of its natural black colour. By diftilling the 
mafs remaining after evaporation of the nitrous folu- 
tion, a green volatile nitrous acid remains, and the 
1375 black calx of manganefe remains as betore. A folu- 
Becomes tiou of this mirt :ral iu vitriolic or nitrous acid, precipi- 
infoluble in t ated by fixed alkali, retains its colour; but when cal- 
pure acids c j nc j j n t i le p eu f} re ^ again becomes black. 

' ^ hl in ^'- ^y l° an S ns phlogiflon, mang. title becomes info- 
fton. luble in pure acids; and therefore the refiduum of the 



mineral with diluted vitriolic, or pure nitrous acid, and ? v e " com * 
then adding fome of thefe fubftances, the whole is dif- aci( j s r or 
folved, the black colour vanifhes by degrees, and the phWifton. 
folution becomes as limpid as water. So ftrong is the 
attraction of manganefe for phlogiflon in thefe circum- 
ftances, that metals, the noble ones not excepted, ren- T378 
der it foluble in thefe acids in a limpid form. Con- Why the 
centrated vitriolic acid, indeed, diflblves manganefe concentra- 
entirely without any phiogifton. " It would be difR- ted . acid of 
cult (fays Mr Scheele) to comprehend whence the I 1 ? 
phiogifton in this cafe fhould come, if we were not ° ve * man ~ 
certain that feveral fubftances, which have a great w ithouta4» 
attraction for phiogifton, can attract it in a red heat, dition. 
Qiiickfilver and filver, when diflblved in the pureft ni- 
trous acid, really lofe their phiogifton, which is a con- 
ftituent part of thefe metals. This appears from the 
red vapours in which the acid arifes; and the dil- 
folved metallic earth cannot be again reduced to its 
metallic form, till it has acquired the loft phiogifton, 
which is effected either by precipitation with complete 
metals or by heat alone. Thus manganefe can attract 
the quantity of phiogifton neceflary for its folution by 
means of concentrated vitriolic acid from heat. It is 
not probable that the concentrated acid undergoes a 
decompofition in this degree of fire; for if you fatu- 
rate half an ounce of this acid with alkali of tartar, 
and afterwards calcine in a retort, with a receiver ap- 
plied, an ounce and a half of powdered manganefe, 
with an equal quantity of the fame vitriolic acid, then 
diflblve the calcined mafs in diftilled water, and like- 
wife wafh well the receiver, which contains fome drops 
of vitriolic acid, which are alfo to be added to the fo- 
lution, and laflly, add the fame quantity of alkali, 
there will be no mark of luperabundant acid or alkali. 
Thence it may be concluded, that the phiogifton in 
the vitriolic acid, if there really exifts any in it, con- 
tributes nothing to the folution. But the manganefe 
precipitated by alkali, contains a confiderable quantity 
of it ; in confequence of which it is afterwards en- 
tirely foluble in acids without any addition. 

" The effects of volatile fulphureous acid on m nga- whv the 
nefc, clearly prove what has been aliened. The mar- voLtileful- 
ganefe attracts the phiogifton contained in th ; s acid p&ureous 
which is the caufe of its great volatility, am 4 wh':h auddi f" 

r end era ' 
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c I vegetable alkali, vitriolated 
iiat manganefe has 

way. 
The effects ot' nitrous acid on this fubftance arc 
e of variolic acid. Could fpirit of nitre 
it a degree of heat as the concentrated 
ilic acid, it would alfo entirely diilblvc the man- 
ic by means of the phlogifton attracted by heat ; 
bit as this is not the cafe, it is neceirary to add phlo- 
gifton in tii c manner abovementioncd. The manga- 
nefe decompifes phlogiffcutcd nitrous acid, for the 
fame reafbn that it does the volatile fulphurcous acid ; 
and that the phlogifton of this acid really combines 
with manganefe, is nunifeft from this, that the af- 
fulion of vegetable acid produces no fmell of aquafortis 
by difplacing the phlogifticated acid of nitre. By di- 
llillation with pure vitriolic acid alfo, the nitrous acid 
is expelled, not in a (making ltate, and of a yellow 
colour, but pure and colourlefs. 

" In the loliuion of manganefe by means of gum ara- 
ble or fugar, a very coxGderable effervefcencc 
place, owing to the extrication, or probably rather the 
production, of fixed air from the mixture ; but with 
phlogifticated acid of nitre no fuch phenomenon takes 
place, becaufe the manganefe is combined with pure 
phlogifton ; and it this fbould be again feparated, there 
is no catlfe for the production of fixed air. This mi- 
neral is alfo d-illolved without effervefcencc, by uniting 
it with nitrous acid and metals, arfenic or oil of tur- 
r3 8i pentine." 

. nee As muriatic acid diilblves manganefe without addi- 
t>f phlojrif- tion, Mr Scheele is of opinion that this proves the 
ton in the cxiftence of phlogifton in that acid, as has already 
muriatic \y Cen taken notice of. The manganefe digelted in 
<»ci piovc t | jc c(j jj ^.^ j-pj r j t Q p j- a j t a( r limcS a dar-j^ brown 

colour; for it is a property of this fubftance that it 
tot be diflblvcd into a colourlefs liquor without 
phlogifton, bit has always a red or blue colour; but 
with fpirit of fait the foluiion is more brown than red, 
on account of the tine particles of the manganefe float- 
ing in the liquid. Here the mineral adheres but loofcly 
to the acid, fo that it may be precipitated by water. 
The effects of acid of tartar and acid of lemons 
; the upon manganefe are likewife explained on the principle 
action of already laid down, viz. the extreme attraction this 
fubftance has for phlogifton. Thus it attracts part of 
that naturally contained in thefe acids, deconij 
one pin of them, and being dillolved by the other. 
This deftrudion of the acid is limilar to that of the 
tr, gum arabic, &c. which render it foluble in 
nitrons acid ; for if a proper quantity of thefe are 
added, the manganefe will be diflblvcd, without a pof- 
fibilky of recovering the fmalleft particle of the vege- 
table fubftance employed ; and if the folution be flow- 
]y evaporated and calcined, there will not remain the 
fmalleft mark of burucd fugar or gum. During this 
decompohtion, a pungent vapour arifes, which, being 
.ted, appears to be trnc vinegar. It is obtained 
in its pureft ftate from diluted vitriolic acid, fug;r, and 
manganefe. 

Kluor acid diflbWes but very little manganefe, owing 
10 its precipitating fait which envelopes the particles 
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ofm., ;r aftion of the Mangancf* 

mcnitnmm. In all precipitations ol 
ever, by means of mild fixed alkalies, the full quantity 
procured ; becaufe the fixed air, detached from 
the mineral, diilblves part of it. "4 

Though manganefe decompounds nitre, yet this 
does not happen till the mixture becomes red hot. It ,m - 
phlogifticated manganefe be mixed with an equal quan- ' 
tity of nitre, and diltilled in a glafs retort, the mix- 
ture begins to grow black before the retort becomes 
red-hot, but no nitrous acid goes over. By lixivia- 
tion.no mark of ancombiued alkali* is met with j but 
.Heated nitrous acid is extricated by the appli- 
cation of tamarinds, or any vegetable acid. Three 
parts of phlogifticated manganefe, mixed with one part 
of finely pounded nitre, yields no nitrous acid, though 
the nitre is alkalized as loon as the mixture becomes 
black in the retort. 138* 

Mr Scheele proceeds now to another fet of experi- Experi- 
ments upon manganefe united with phlogifton. In meBt8 on 

1 • • 1 ■ n 1 1 fi 1 1 • manganefe 

order to procure it in this ftate, the belt method is to unit £ d 

diifove in diltilled water, and cryftallize the fait ob- with ^\o* 
tained by folution of manganefe in vitriolic acid, and gifton. 
then precipitate it with vegetable fixed alkali. In this 
ftate it is white likechalk ; but by calcination inan open 
fire, the fuperfluous phlogifton flies off, and the calx 
regains its ufual black colour. This change of colour 
likewife happens when the precipitation is made with 
cauftic alkalies, whether fixed or volatile. The pre- 
cipitate, indeed, in this cafe, is white when kept clofe 
from the air, but aflumes a brown colour when expo- 
fed to it for any time : But when the precipitation is 
made by mild alkali, the white colour is preferved by 
the fixed air, which in this cafe it alfo contains. By 
diluting the folution with a confiderable quantity of 
water, and precipitating with cauftic alkali, the pre- 
cipitate is brown from the very beginning, owing to 
the air in the liquid attracting the phlogifton from the 
manganefe. The precipitate formed by lime-water is 
alfo brown ; but on adding more of a ltrong folution 
of manganefe, and afterwards precipitating with cau- 
ftic alkali, the powder falls of a white colour ; becaufe 
the air, being already fa tu rated with phlogifton, can- 
not take up any more. The refults of Mr Scheelc's 
experiments on this phlogifticated manganefe are, 1386 

1. An ounce of this fubftance diltilled by itfelf By diftilla- 
in a giafs retort, with a ltrong fire, yielded a great tion P er f'* 
quantity of fixed air with fome drops of water. The 
reliduum poured warm out of the retort grew rcd-hor, 

and fet the paper on fire. 

2. On repeating the experiment with only a drachm 
of phlogifticated manganefe, and tying a bladder to 
the neck of a retort, three ounce-meafures of air 
came over: the reliduum was of alight grey colour; 
ditlolved in acids without addition of any more phlo- 
gifton; and took fire in that degree of heat in which 
fulphur fmokes, but does not burn. From thefe expe- 
riments, fays Mr Scheele, it is evident, that phlogifton 
does not feparate from manganefe if the accefs of air be 
prevented. x j_ 

3. One part of finely powdered manganefe boiled in r>oiledwitk 
four of oil-olive, effervefced violently, ana diflblved oil olive » 
into a kind of falve. „_ 

4. On diddling a mixture of finely powdered man- BydiftiUa- 
ganefe and charcoal, with an empty blsdder tied to the tion with 
mouth of the retort, a quantil 1 air was extri- charcc*L 

cattd 
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Manga- cated when the retort began to melt and diflended the 
nefc. bladder. The r did num. was moftly ibluble in diluted 

7^?T~"' vitriolic acid. 
With ful- 5' On diitilling half an ounce of powdered manga- 
phur. nefe with two drachms of fulphur, the latter partly 

rofe into the neck of the retort, and fome volatile 
acid vapours penetrated through the hue. The diltil- 
lation was continued till the retort began to melt ; and, 
on cooling, the refiduum was found to weigh s\ drachms. 
It was of a yellowifh-grey colour ; and diilblved in fpirit 
of vitriol with efFervcfcence, yielded an hepatic finell, 
fom'e fulphur being alfo precipitated at the fame time. 
By calcination in the open air, the fulphur was diffi- 
pated ; but great part ot the mafs was rendered foluble 
on account of its having been penetrated by the acid 
vapour, and mot into crystals as though it had been 
formally diilblved in volatile fulphureous acid ; and by 
repeating the calcination with more fulphur, the whole 
became at laft entirely foluble, and was reduced to 

1390 cryftals. 

By calcina- Finely powdered manganefe, triturated with nitre and 
tion with ft r0U giy calcined in a crucible, unites with the alkali 
of the nitre, while the acid is dillipated in the air. 
The mafs formed by the union of the manganefe and 
alkali is of a dark green colour, and foluble in water, 
communicating alfo a green colour to the liquid ; but 
in a fhort time a fine yellow powder (an ochre of iron) 
falls to the bottom, leaving the liquor of a blue colour. 
By the addition of water, this folution firft afTumes a 
violet colour, grows afterwards red, and a precipita- 
tion of the manganefe takes place, which refumes its 
natural colour as foon as it has fallen. The fame pre- 
cipitation takes place on the addition of a few drops 
of acid, or by expofure for fome days to the open air. 
As for the dark red colour aifumed by the folution 
when the precipitate is about to fall, Mr Scheele con- 
jectures that the particles of manganefe may naturally 
have a red colour, which becomes vilible when the fub- 
itance is difperfed through a menftruum without being 

1391 perfectly diilblved. 

With the 7. By the addition of finely powdered white arfe- 
addition of nic to the alkaline mafs of nitre and manganefe, the 
arfenic. green colour difappears, and the whole becomes white ; 
phlogiflicated manganefe being alfo precipitated on the 
addition of water. This arifes from the more power- 
ful attra&ion of manganefe for the phlogiflon of the 
arfenic than that of the arfenical acid itfelf ; and for 
the fame reafon, if the mafs be calcined with charcoal, 
or any other phlogiftic fubflance, a colourlefs folution 

1392 will be obtained. 

By diftilla- 8. Half an ounce of phlogiflicated manganefe, di- 
tion with f]jp.;d in a retort with an equal quantity of powdered 
fal ammo- fa] ammoniac, yielded firft a concrete volatile fait, after 
which fome fal ammoniac undecompofed arofe in the 
nek of the retort. Half an ounce of pure dephlogi- 
fti :ated manganefe, mixed with two drachms of pow- 
d< -ed fal ammoniac, yielded alkali in its cauftic ftate. 
B rh re iduums were foluble in water ; which mows 
that manganefe attracts phlogiflon from the volatile 

1393 alkali. 

By diiHUa- :;. On digefting finely powdered manganefe for fome 
tion with weks with pure nitrous acid and fome volatile alkali, 
pure hi- a . rcat; number of ai"-bubbles rife to the tcp, and the 
trousaa . vo j ut ji e a ik a ij j s e mi re iy decompofed : for though the 



mixture be afterwards difiilled in a retort with the ad- Manga- 
dition of quicklime, not the leafl urinous fmell can be nefe. 
perceived. This decompoiilion is effected by the man- Txgl 
ganefe attracting the phlogiflon of the volatile alkali; Volatile al- 
for that the nitrous acid has 110 lhare in this, is proved kali de- 
by the following experiment. ftroyed by 

10. An ounce of well triturated manganefe was di- nian ^ nc fc 
ftilled with half an ounce of fal ammoniac; and a li- \ tT \\ m j[. 
quid alkali, fuch as that obtained from fal ammoniac £<,,;, 

and quicklime, was procured. On repeating this ex- 
periment, with the variation only of a bladder inflead 
of a receiver, the fame-kind of air was obtained as that 
which rifes to the top of the nitrous mixture. Though 
the emifuon of this air indicated a deftruction of the 
volatile alkali, our author explains the reafon of its 
being ftill obtained in a cauftic ftate by the phlogi- 
flon taken from the alkali being more than fuflicient 
to render the alkali foluble in muriatic acid ; in confe- 
quence of which, the fuperfiuous quantity combines 
with the manganefe, and enables it to decompofe the. 
fal ammoniac in the ordinary way. It muft be owned, 
however, that his reafoning on this fubject is not en- 
tirely fatisfadtory, nor does the account he gives of his 
experiments feem entirely conhflent with itfelf. See 
Scheele' i Chem. E[fays, Elfay V. § xxxix. j.qj 

11. Powdered manganefe, difiilled with an equal By diitilla* 
quantity of white arfenic, underwent no change, the tion with 
arfenic flying off in its proper form ; but with an equal arfenic. 
quantity of yellow orpiment, fome volatile fulphureous 

acid came over firft, then a yellow fublimate, and at 
laft a little red fublimate arofe. On augmenting the 
fire by degrees, the orpiment remained obflinately at- 
tached to it. Similar effects enfued on treating man- 
ganefe with an equal quantity of antimony ; which 
likewife yielded a pungent fulphureous acid, but na 
fublimate. By calcination in the open air thefe com- 
pounds are decompofed ; and the manganefe, united 
with vitriolic acid, becomes foluble in water. j~n(, 

12. On diitilling manganefe with an equal quantity With cin- 
of finely pounded cinnabar, a volatile fulphureous acid nabar. 
came over firft ; then a little cinnabar was fublimed in- 
to the neck of the retort ; and at laft the quickfilver, 
which had been the bafis of the cinnabar, began to 

diflil : the refiduum, being a combination of manga- 
nefe and fulphur, was fimilar to the compounds al- 
ready defcribed. 

13. With an equal quantity of corrofive fublimate, with con- 
manganefe underwent no change ; but when fublimed ronve fub* 
with an equal quantity of mercurius dulcis, a corrofive lirnate. 
fublimate, and then mercurius dulcis, arofe into the 

neck of the retort. The reafon of this is, that the 
mercurius dulcis contains a portion of phlogiflon 5 by 
being deprived of which it ceafes to be mercurius dul- 
cis, and becomes corrofive fublimate : but by reafon 
of the ftrong attraction of manganefe for phlogiflon, 
the mercurius dulcis parts with that portion which is 
neceilary to keep it in its mild ftate, and thus is con- 
verted into corrofive mercury. 
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These maybe divided into the following claffes : General 
1. Sulphurs. 2. Ardent fpirits. 3. Oils and fats, divifiou. 
4. Refins. 6. Bitumens ; and, 6. Charcoal. 
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Decompo- 
I 

pcrabun- 
iaoce of 

phlogilton 



S I- J V L P H V n 

I- C For tiic 1 of this 

I i.niuR. The aniticial 
« 1 of it we have already related, n° 715; 

and have now only t«> tak oi a very few <>t" us 

ch COfflc more properly under this fic- 
tion. 

commonly ufed in commerce and the 
arts, is of a paleyel r, of a difagreeable and 

peculiar finell, which is rendered more fenfible when 
it ia heated ox rubbed. By rubbing, it receives very 
curious electrical qualities: (Sec El ecirii iiv ) Its 
ii co ifiderably greater than that of 
water, though lcis than earths or {tones, in clofe 
, fnlphur is incapable of receiving any alteration. 
It melts with a very gentle heat ; and then is Sublimed, 
adhering to the capital in Small, \ery line, needle-like 

.It may thus be fub- 
lirned many tii fit alteration, it" fulphur is 
expofed to a heat barely Sufficient to melt it, and i 
flowly cooled, it cryftallizes in form of mail} needles 

ome of thefe point' 
may alio I 1 d in the interior parts ot 1 

Lphnr which have been melted, and call, into cy- 
lyndrical moulds, as they arc commonly 1( hi ; becaufe 
the centre oJ thefe cylindrical roll- s more flowly 
cooled than the lurfacc. Sulph traMb jives this needle- 
like form to cin iy, and man) other mi- 
nerals contain': ir may be decompofed in 
feveralways. The inoft iiuvple is by burning; which 
we have already taken notice of, n° 623. It may 
alio be \ civ c fectually decompofed by mixing it with 
iron filings and water. In this cafe the phlogifton is 
diffipated, and the acid uniting witii the iron tonus a 
green \ itriol. 

It is very remarkable, that though fulphur is com- 
I of vitriolic acid and phlogiiton, yet the addition 
of more inflammable matter, lb far from making the 
union flronger, weakens it to a great degree : and 
hence we have another method ol decompoung this 
fubitance ; namely, by combining it w ith a large quan- 
tity of oil, and diitilling the co 

Sulphur is capable ot being (ftfily diflblved in ex- 
prcdVdoils, but very diffic iltly in el es. Thefe 

dphur; and are 
fometimes employed in medicine, bit are found to be 
of a very heating nature. They are much ufed by 
farriers. According to Mr Beaume, fulphur cannot 
be diflblved in oil, without a heat Sufficient to melt it. 
A larger quantity is kept diflblved when the mixture 
i-, hot, than when cold ; and consequently the fuhli ir, 
efpecially if it has been diffolved in a thin effenti .- 1 

llizeson cooling the mixture. The fulphur, thus 
feparated from the oil, is found not to be altered in 
•.hat it formerly was ; but if the 
expofed to a degree of heat capable of en- 
decompofing the oil, the fulphur is decompofed 
with it, and the fame products are obtained by 
ling this i P drynefs, as if a mixture of 

1 ■:" vitriol and oil were diftillcd. Thefe pro- 

duels are, firft a portion of oil, when an eilential oil 
ude nfe of in the compofkion of jhc baliam ; 
.Jine volatile fulphureous acid, which is at firft 
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watery, and afterwards becomes ftronger ; ahmg w ith 
this acid more oil arifes, which becomes more and 

thick towards the end of the diftillation ; 
huily, whe 1 the retort has been made red hot, not) 
remains but a fixed 

in this pr find, that both the fulphur ami 

oil are decompofed. The acid of the fulphur I'd 
to attack the watery principle of the oil, whil. 
phlogifton remains confounded with that of the oil, or 
pated in vapours. Hence, though the vitriolic 
acid in fulphur is concentrated to the utmoll de 
and perfectly free from w atcr, w hat riles in this dillil- 
lation is very aqueous, by reafon of the water which 
it attracts from the oil. 1402 

Spirit of wine does not fenfibly act upon fulphur in How folu- 
its liquid itate ; but if both the fpirit of w me and ful- b ' c ,,ll P irit 
phur meet in the* itate of vapour, they will then u- ° y,inc ' 
nite, and a perfect Solution will take place. By me- 
thods of this kind, many combinations might be e f - 

d, which have been hitherto thought impollible. I40 ^ 

Pure fulphur unites ealily with all metals 5 gold, Its union 
plaiina, and zinc, excepted. The compounds, except with rm> 
that with mercury, poifefs a metallic lultre without tals - 
any ductility. The fulphur maybe feparated by ex- 
posing the mixture to a Strong fire. (See Metal- 
lurgy,) or by diflblvlng the metalline part in acids. 
The fulphur, however, 1 the metals 

from the action of acids -, So that this di Ablution fuc- 
ceeds but imperfectly. The reguline part 01 antimo- 
ny is more ealily feparated from fulphur by means of 
acids than by any other metalline fubflance. Alkaline 
Salts will Separate the fulphur from all metals in SuSion, 
but they unite with it thcmfelves, and form a com- 
pound equally capable of dillolving the metal. . x . 

Sulphur united with quicksilver forms the beauti- Vermilion 
ful pigment called cinnabar t or vermilion; which is Jo 
much ufed in painting, that the making of it is be- 
come a diftinet trade. Neumann relates, that in the ma- 
king of ciunabar by the Dutch method, Six or eight 
»f quickfilver are made uSc of to one of fulphur. 
The fulphur is firft melted, and then the quicklilver 
is Stirred into it ; upon which they unite into a black 
maSs. In this part oS the proceSs the mixture is very 
apt to take fire ; of which it gives notice by Swelling 
up to a great degree. The veilcl muft then be imme- 
diately covered. The maSs being beaten to powder, 
is afterwards to be fublirned in large earthen jars al- 
moft of an equal widenefs from end to end ; thefe are 
hung in a Surnace by a Strong rim of iron. When 
.he matter is put in, the mouth of the veflel is cover- 
ed, the fir c increaicd by <' jreei and continued Sor 
Several hours, till all the cinnabar has Sublimed ; care 
being taken to introduce at times an iron rod to keep 
the middle clear; otherwife the cinnabar concreting 
there, a. id Stopping up the paSSage would infallibly 
bur ft the veil els. 

The quantit; 01 ,lph ir directed in the common 
receipts for making einnal .tlv larger than the 

above; being no lefs than on< hi ' •{ the quantity 
of quickfilver employed : accordingly it has been found, 
that the Sublimate, with Such a targe quantity oS ful- 
phur, turned out of a blackiSh colour, and required to 
be Several times Sublimed before it became perfectly 
red ; but we cannot help thinking, that by one gentle 
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iublimation the fupcrnuous fulphur might be feparated, 
and the cinnabar become perfectly pure the fecond 
time. Hotfman gives a curious method of making 
cinnabar without iublimation : hy ihaking or digeft- 
ing a little mercury with volatile tincture of fulphur, 
the mercury readily imbibes the fulphur from the vo- 
latile fpirit, and forms with it a deep red powder;* not 
inferior in colour to the cinnabar prepared in thexoni- 
mon manner. Dr Lewis has found the common folu- 
tions of fulphur by alkalies, or quicklime, to have a 
limilar effect. This cinnabar will likewife be of a 
darker or lighter colour, according as the foiution 
contains more or lefs fulphur. 

Sulphur is a pi incipal ingredient in gun-powder, 
(fee Gun-powder.) It alio enters the competition 
of the pulvis fulminans. This coutifts of three parts 
of nitre, two of the dry alkali of tartar, and one part 
of fulphur, well ground together. If a little quantity 
of this powder is laid on an iron-fpoon or fhovel, and 
flowly heated, it will explode, when it arrives at a cer- 
tain degree of heat, with aftonifhing violence and noife. 
The moil probable opinion concerning this is, that the 
fixed air contained in the alkali is, by the acid vapours 
acting upon and endeavouring to expel it all at once, 
driven off with fuch force, that a loud explofion is pro- 
duced. 

2. Phofphorus of Urine. This is a very inflammable 
fubftance, compofed of phlogifton united with a cer- 
tain acid, the properties of which we have already ta- 
ken notice of, n° 904 et feq. The preparation of it 
was long a fecret, and only perfectly difcovered by 
Mr Margraaf, who publilhed it in the Berlin Me- 
moirs in 174*?. This procefs being by far the beft 
and moll practicable, we mall content ourfelves with 
inferting it alone. 

Two pounds of fal ammonaic are to be accurately 
mixed with four pounds of minium, and the mixture 
procefs for diftilled in a glafs retort; by which, means a very pe- 
makmg. netrating, cauftic alkaline fpirit will be obtained. The 
refiduum, after the diftillation, is a kind of pi?/; 
ccrneum; n° 812. This is to be mixed with nine or 
ten pounds of extract of urine, evaporated to the con- 
faience of honey. (Seventy or eighty gallons of urine 
are required to produce this quantity of extract. ) The 
mixture is to be made flowly in an iron pot fet over 
the fire, and the matter frequently ftirred. Half a 
pound of powdered charcoal is then to be added, and 
the evaporation continued till the whole is reduced 
to a black powder. This powder is to be put into a 
retort, and urged with a graduated heat, till it be- 
comes red hot, in order to expel all the volatile alkali, 
fetid oil, and ammoniacal fait, that may be contained 
in the mixture. After the diftillation, a black friable 
refiduum remains, from which the phofphorus is to be 
extracted by a fecond diftillation and a ftronger hear. 
Before it is fubjected to another diftillation, it may be 
tried by throwing fome of it upon hot coals. If the 
matter hasbeen well prepared, a fmell of garlh exhales 
from it, and a blue phofphofical flame is feen undu- 
lating along the furface of the coals. 

The matter is to be put into a wood earthen retort, 
capable of fuftainino; a violent fire. Three quarters 
of the retort are to be filled with the matter which is 
to yield the phofphorus, and it is to be placed in ?. fur- 
nace capable of giving a ftrong heat. Mr Margraaf 
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divides the matter among fix retorts, fo that if any 
accident happens to one, the whole matter is not loft. 
The retorts ought to be well luted to a receiver of a 
moderate fize, pierced with a fmall hole, and half full 
of water; and a fmall wall of bricks muft be raifed 
between the furnace and receiver, in order to guard 
this veflel againft heat as much as poilible. The re- 
torts are to be heated by flow degrees for an hour and 
an half ; then the heat is to be increafed till the vellels 
are red hot, when the phofphorus afcends in luminous 
vapours. When the retort is heated till between a 
red and white, the phofphorus palfes in drops, which, 
fail and congeal in the water at the bottom of the re- 
ceiver. This degree of heat is to be continued till 
no more conies over. When a letort contains eight 
pints or more, this operation continues about five 
hours. 

In thefirft diftilladon, phofphorus never pafles pure, Rcctifka- 
but is always of a blackiih colour, by reafon of its car- tion of 
rying along with it fome part of the coal. From this, phofpho- 

ver, it may be purified by rectification in a fmall rus * 
glafs-retort, to which is luted a receiver half full of 
water. A very gentle heat is fufficient ; becanfe phof- 
phorus, once formed, is very volatile ; and as the fuli- 
ginous matter was raifed probably by the fixed air 
emitted by the charcoal in the inftant of its union 
with the phofphorine acid, none of it can arife in a 
fecond diftillation. 

The phofphorus is then to be divided into fmall cy- 
lindrical rolls, which is done by putting it in glafs- 
tubes immerfed in warm water ; for the phofphorus 
is almoft as fufiblx as fuet. It takes the form of the 
glafs-tubes ; from which it may be taken out, when it 
is cold and hardened. This muft be done under wa- 
ter, leaft the phofphorus fhould take fire. x 

This concrete continually appears luminous in a dark Procefs 
place ; and by a very flight heat takes fire, and burns fometimes 
tar more vehemently than any other known fubftance. dangerous* 
Hence it is neceffary to be very cautious in the diftil- 
lation of it ; for if the receiver ihould happen to break 
while the phofphorus is diflilling, and a little flaming 
phofphorus fall upon the operator's legs or hands, it 
would burn its way to the bone in lefs than three mi- 
nutes. In this cafe, according to Mr HellOt, nothing 
but urine will flop its progrefs. 

Though phofphorus takes fire very readily by itfelf, 
it does not inflame at all by grinding it with other in- 
flammable bodies, as camphor, gun-powder, or eflen- 
tial oils. In grinding it with nitre, fome luminous 
flalhesare obferved ; but the mixture never burns, un- 
lefs the quantity of phofphorus be large in proportion 
to the nitre : rubbed pretty hard on a piece of paper or 
linen, it fets them on fire if they are rough, but not if 
they are fmooth. It fires written paper more readily 
than fuch as is white, probably from the former ha- 
ving more afperities. On grinding with iron-filings, 
it prefently takes fire. 

Oils ground with phofphorus appear, like itfelf. Liquid 
luminous in a temperately warm place ; and thus be- phoYpho- 
Come a liquid phofphorus, which may be rubbed on rus. 
the hands, &c. without danger. Liquid phofphorus 
is (- mmonly prepared by grinding a little of the folid 
phofphorus with oil of cloves, or rubbing it firft with 
camphor, pud this mixture with the oil. A luminous 
amalgam, as it is called, may be obtained, by digeftino- 
B b 2 a fcru^ 
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.•ilvcr; tl ifa fur five or fix 

lite. 
R eel hofphorns, 

; t ol it, 1 it luminoa ■ 1 be- 

:cr. It is computed that one part 

will communicate this property to 

600,000 parts of fp : I liquor is never obferved 

<lt, nor in any other circum- 

cpi that abovemeutioued. By digeition for 

: iic undilTolved phofphorus is reduced to 

1, which neither emits light nor 

the cold. By wafting with water, it is in 

cvived ; acquiring a thicker contiitence, 

1 luminous, though in a lefs degree 

Daring this digeition, the glafs is very 

b burft. 

Phi partially diffolved by expreffed oils; 

, in effential oils and ether. 

i efleutial oils are ununited with it by heat, a 

part of the phofphorus feparatcs*, on {landing in the 

cold, in 1 1 ry italli/c form. Concentrated fpirit of fait 

on it. In diltillation, the fpirit rifes 

lirii, and the phofphorus after it unchanged. Spirit 

Ives it, and the dillolution is attended 

; beat and copious red fumes ; fo that great 

>i the fpirit (Jhlils without the application of any 

external heat, and the phofphorus at lall takes fire, 

and burfts the veflels. Oil of vitriol like- 

»lves phofphorus, but not without a heat 

fufficicnt to make the acid diilil. The diflilled liquor 

is w hite, thick, and turbid ; the reliduum is a whitilh 

, which deliquates, but not totally, in 

the air. Phofphorus itfelf is rcfolvcd into an acid li- 

: xpofed two or three weeks to the air, 

Lciplc teeming by degrees to be dif- 

ias been reported to produce extraordi- 
: the refolution of metallic bodies : but 
1 riments that have been made with this 
\ic\\, it does not appear to have any remarkable ac- 
tion on [hem ; at lealt on the precious ones, gold and 
fih er, tor the refolution or fubtilization of which it has 
recommended. The following experi- 
" Ir Margraaf. 
1. A fcruple of tiling, of gold were digefted with 
chm of phofphorus for a month, and then com- 
mitted to ditlillation. Part of the phofphorus arofe, 
and part remained above the gold, in appearance re- 
femhl : this grew moilt on the admiflion of 

air, and diflolved in g the gold unaltered. 

Half a drachm of fine filver, precipitated by copper, 
riled with a drachm of phofphorus for three 
hours, and the fire then increafed to diftillation, 
: the phofphorns arofe pure, and the di- 
ver remained unchanged Copper filings being treat- 
ed in the fame manner, and with the fame quantity of 
phof; . e phofphorus fublimed as before; bur 

the rema; ( r was found to have loft it6 metal- 

. and to take fire on the contact of flame. 
: 'ered no change. Tin filings mn into 
ppcared to be perfect tin. Filings 
id did the fame. The red calx of mercury, c; 



11 to- 
I, 

. fion- 

-. •< i" the ph< 

led from this femimetal, refu- 

; like 

ivc. \\ ith bifmuth there was no alteration. A 

fphorus b ll< d and cohobated 

with an e dry of zinc, gj :,i of the 

zinc fublimed in foi light pointed 1 

our: thefe flowers*, injected into 
a red hot ■ run into a glafs re- 

fembling that 1 I . fublimed w ith 

it in form of a mixed red 
fublimare. Sulphur readily unites with phofphorns 
into a mats which fmells like heparft This 

does not es rubbed; but expofed 

to a moderate dry heat, it flames violently, and ei 
ftrong fulphureous fume. If phofphorus is burnt in an 
open velicl, a quantity of acid remains behind ; and if 
a glafs bell is held over it, an acid likewife fublimes 
in the form of white flowers. 

:'s phofphorus. This is a competition 
of quicklime and common fulphur, The receipt for 
making it is as follows. ** Calcine fome common oy- 
iter-ihclls, by keeping them in a good coal-fire for half 
an hour ; let the purclt part of the calx be pulverized 
and lifted. Mix with three parts of this powder one 
part of flowers of fulphur. Let this mixture be ram- 
med into a crucible of about an inch and a half in 
depth till it be almoft full ; and let it be placed in 
the middle of the tire, where it muft be kept red hot 
for an hour at leaft, and then fet by to cool : when 
cold, turn it out of the crucible ; and cutting or 
breaking it to pieces, fcrape off, upon trial, the 
brighteft parts ; which, if good phofphorus, will be a 
white pow der. This kind of phofphorus mines on be- 
ing expofed to the light of the fun, or on receiving an 
electrical ftroke. 

Phofphorus of ' Hombsrg. This fubftance, which 
has the lingular property of kindling fpontaneoufly 
when expofed to the air, w T as accidentally difcovered 
by Mr Hourberg, as he was endeavouring to diftil a 
clear fiavourlcfs oil from human excrements. Having 
mixed the excrement with alum, and diftilled over as 
much as he could with a red heat, he was much fur- 
prifed at feeing the matters Left in the retort take fire 
upon being expofed to the air, fome days after the di- 
ftillation was over. This induced him to repeat the 
operation, in which he met with the fame fuccefs ; and 
he then pnblifhed a procefs, wherein he recommended 
alum and human excrement for the preparation of the 
phofphorns. Since his time, however, the procefs has 
been much improved ; and it is difcovered, that almoft 
every vitriolic fait may be fubftituted for the alum, and 
moft other inflammable fubffances for the excrement ; 
but though alum is not abfolutely n'eceflary for the 
fuccefs, it is one of the vitriolic falts that fucceed heft. 
The following procefs is recommended in the Chemi- 
cal Dictionary. 

Let three parts of alum and one of fugar be mixed 
together. This mixture muff be dried in an iron mo- 
rel, over a moderate fire, till it be almoft reduced to 
a blackim powder or coal ; during which time it muft 
be llirrcd with an iron fpatula. Any large mafias muft 
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Sulphur be bruifed into powder ; and then it muft be put into 

1 v ' a glafs matrafs, the mouth of which is rather ftrait 

than wide, and fevtmor eight inches long. This ma- 
trafs is to be placed in a crucible, or other earthen vef- 
fcl, large enough to contain the belly of the matrafs, 
with about a fpace equal to rhat of a finger all' round 
it. This fpace is to be lilled with fand, fo that the 
matrafs mall not touch the earthen vellel. The appa- 
ratus is then to be put into a furnace, and the whole 
to be made red hot. The fire mult be applied gra- 
dually, that any oily or fuliginous matter may be ex- 
pelled ; after which, when the matrafs is made red 
hot, fulphureous vapours exhale: this degree of heat 
is to be continued till a truly fulphureous flame, which 
appears at the end of the operation, has been ieen near- 
ly a quarter of an hour : the fire is then to be extin- 
gulihed, and the matrafs left to cool, without talcing 
it out of the crucible; when it ceafes to be red hot, it 
mult be flopped with a cork. Before the matrafs is 
perfectly cold, it muft betaken out of the crucible, 
and the powder it contains poured as quickly as pof- 
fible into a very dry glafs phial, with a glafs ftopper. 
If we would preferve this phofphorus >a long time, the 
bottle containing it muft be opened as feldom as pof- 
fible. Sometimes it kindles while it is pouring into 
the glafs phial ; but it may be then extinguiihed by 
doling the phial expeditioufly. A fmall quantity of 
this pyrophorus laid on paper, and expofed to the 
air, immediately takes fire, becomes red like burning 
coals, and emits a ftrong fulphureous vapour greatly 
refembling that which arifes on decompoling liver of 
fulphur. 

It has been generally alleged, that the common 
black phofphorus is impaired by being expofed to the 
light ; but Mr Cavallo has difcovered the fallacy of this 
fuppofition by the following experiment. Some por- 
tions of the fame pyrophorus were inclofed in three 
glafs tubes, and immediately fealed up hermetically. 
On the 22th of May 1779, two of them were fu- 
fpended from a nail out of a window, and the third 
was wrapped up in paper and inclofed in a box, where 
not the leaft glimmering of light could enter. In this 
fituation they were left for more than a year; after 
which one of thofe that had been kept out of the 
window was broke, along with that which had been 
kept in the dark, in the prefence of Mr Kirwan ; when 
the pyrophorus feemed to be equally good in each 
tube, taking fire in about half a minute after it was 
taken out of the tubes, and expofed to the air on a 
1418 piece of paper* 
Caufe of There are many different kinds of pyrophori : fome 

the acccn- of the moft remarkable of which are defcribed under 
Son. the article Pyrophorus. Many theories have been 

invented tofolve the phenomenon of their accenfion on 
the contact of air. This has been thought owing to 
the converlion of the earth of alum into lime, or to a 
remainder of the vitriolic acid attracting moifture from 
the atmofphere ; but the formation of pyrophorus 
without either alum or vitriolic acid, fhows that nei- 
ther of thefe opinions can be juft. It is more probable, 
therefore, that, the heat is occafioned by the total dif- 
fipation of that aqueous part which is effential to the 
couftitution of terreftrial fublta*nces. In confequence 
of this, the water contained in the atmofphere is not 
»n]y attracted with avidity, but decompounded by the 
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matter reduced to fucha ftate of extreme drynefs. By 
thefe operations it gives out the latent heat contained 
in it, and this produces the accenfion in que ft ion. 

§ 2. Arblnt Spirits. 

See Fermentation andDisriLi.ATioN. 

\ 3. ' Oils. 
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1 . Effential Oih . Thofe oils are called effential which Effential 
have evidently the fmell of the vegetable from which oils. 
they are drawn. For the method of procuring them, 
fee Distillation. They are diftinguifhed from all 
others by their fuperior volatility, which is fo great as 
to caufe them rife with the heat of boiling water. All 
thefe have a ftrong aromatic fmell, and an acrid, cau- 
ftic tafte ; in which refpect alfo they differ from other 
oils. This tafte is thought ro proceed from a copious Suppufed 
and difengaged acid, with which they are all pene- caufc of 
trated. The prefence of this difengaged acid in efTen^their tafte. 
tial oils, appears from the iinprefiion they make upon 
the corks of bottles in which they are kept. Thefe 
corks are always ftained of a yellow colour, and a little 
corroded, nearly as they are by nitrous acid. The va- 
pour of thefe oils alfo reddens blue paper, and converts 
alkalies into neutral falts. I4ZI 

This acid is likewife fuppofed to be the caufe of their Of their fo- 
folubility in fpirit of wine. They are not all equally lability in 
foluble in this menftruum, becaufe they do not all con- 'P mt of 
tain an equal quantity of acid. As this acid is much wine " 
difengaged, they lofe a great deal of it by repeated di- 
ftillations, and therefore they become lets and It Is fo- 
luble on being frequently diitilled. By evaporation 
they lofe their moft volatile and thin part, in which 
the fpecific fmell of the vegetable from which they 
are extracted refides ; by which lofs they become 
thick, and acquire the fmell and confidence of turpen- 
tine, and even of refins. In this ftate they are no 
longer volatile with the heat of boiling water ; and, if 
diitilled wkh a ftronger fire, they give over an oil 
which has neither fmell nor tafte of the vegetable 
whence they were extracted, but is entirely empyreu- 
matic, and iimilar to thofe oils procured by difiilling 
vegetable or animal fubttances with a itrong fire. See 
Distill at 1 on. 1422. 

To the clafs of eflential oils, the'volatile concrete Camphor*. 
c'alled baffiphor feems molt properly to belong. Willi 
them it agrees in its properties of inflammability, fa- 
llibility in fpirit of wine, and a Itrong aromatic fla- 
vour. The only differences between them are, that 
camphor is always in a folid ftate, and is incapable of 
decompofition by any number of fublimations. 1423 

It has, however, been found poflible to decompofe Decompo- 
it by diftillation with certain additions. By difiilling fed b Y &- 
it feveral times along with bole, w e obtain a find ha- vt'J 01 ? 
ving the properties of an ellential oil, foluble in water, wU ° e *" 
andfeparating again on the the addition of fpirit of wine. 1424 
On difiilling it eight times with dephlogifticated ni- VVithdt- 
trous acid, we obtain a fait having the form of a pa- P n J°g lftl * 
rallelopiped, of an acid and bitter tafte, and changing c -j D1 T 
the juice of violets and turnfole red. This kas the 
properties of a true acid ; combines with fixed and vo- 
latile alkalies into neutral falts capable of being cry- 
Itallized ; diffolves copper, iron, bifimuh, arfer.ic, and 

cobalt.. 
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. With magncfia it forms regular cryttali* in 

It is dillinguifhed 
iiinc from 
!, ami bj tunning with mag- 
ite powder folubU 

imann, .ill the camphor 1. vie ufe 

ice of two fpecies ol trcts; the one 

natra and Borneo, the other Ln J 

. the Japan kind is the only one brought into 

• he ii/c oi a large lime, 

. v. bite, ami the unit .1 Quail ml bei i y. A\l 

' ' impregnated with camphor; but 

contain rooft, and therefore arc cbiefij made 

■ tor the preparation oi this commodity: though, 

oftheuij the wood and leaves are foinetimes 

. 

The camphor is extracted by diflillation with water 

on pots filled with earthen heads fluffed with 

ftraw ; greateft pan of the camphor concretes among 

the ftraw, but pafles down into the receiver among 

the water. In this Hate it is found in lmall bits like 

gray (ah-pctre, or common bay -la It •, and requires to 

be purified either by afecond fablimation, or by diflb- 

Itttiou in fpirit of wine, filtration, and exficcapon. If 

the nrlt method is followed, there will bel'omr 

culty in giving it the form of a perfect transparent 

cake. A difficulty of ths ki.id indeed always occurs 

i i fublimations ; and the only way is to keep the upper 

part of the glafs to fuch a degree of heat as may keep 

the fublimate in a half-melted llate. Dr Lewis re- 

mends the depuration of camphor by fpirit of 

, and then melting it into a cake in the bottom of 

lafs. 

Camphor pofteffes confulerable antifceptic virtues; 

and is a good diaphoretic, without heating the confti- 

tution ; with which intention it is often ufed in medi- 

It is likewife employed in fire-works and feve- 

ther arts, particularly in making vamilhcs. Sec 

RNISH. 

This fubflance difTolves eafily and plentifully in vi- 
fpirits and in oils i four ounces of fpirit of w i«c 
w ill diuolve three of camphor. On dillilling the mix- 
, the fpirit rifes firft, very little camphor coming 
with it. This (hows that camphor, however 
volatile it may feem b\ its In. ell, is very far from ha- 
the volatility of ether, and consequently is impro- 
(lances of that kind. 
2. . \ \tT this name are com- 

. from Whatever fubflance ob- 
!, which require a greater heat for their diflil- 
than that of boiling water, Thefe ar< 
tblc in fpirit of wine, and becomes more and more 
ns. The empyreumatic oils 
obtained from; itances arc at firft more fetid 

than thofe procured from vegetables; but by repeated 
di filiations, they become exceedingly attenuated and 
le, becoming almoit as white, thin, and vola- 
tile, as ether. They then acquire a property of acting 
he brain and nervous fyitem, ami of allaying its 
hich is common to them with 
all oil. when highly attenuated 

and \: '. , but this kind of oil is particularly 

in epileptic and convuliive affections, 
n 4 to io or .i i drops: but, though 
• care, it is very fuiccptible of 



loling its whitcnefs, .uuleven its ihinncl's, by a fljOTt 
expolure to air ; which proceeds from the ahnolt in- 
ttion ot its muie (bin at 
, and from the property which tkekfi volatile 
inder has of acquiring colour. To avoid thi 
cnience, it mult be put, as. foon as it is made, into 
clean glafs bottles with glafs ftopperSj and 
pofed to the air as little as poilible. 

The molt important observations concerning 
method oi making the pure animal oils are, hrfl to 
change the vcll'el at cadi diflillation, or at lcalt to 
make them perfectly clean ; for a very fmall quantity 
of the thicker and lefs volatile part is fufficiem to fpoil 
a large quantity of that which is more rectified. In 
the fecond place, Mr Beaume has obferved, that this 
operation may be greatly abridged, by taking care to 
receive none but the me ft volatile part in each dillii- 
lation, and to leave a large refiduum, which is to be 
neglected, and only the more volatile part to be fur- 
ther rectified. By this method a confulerable quan- 
tity of tine oil may be obtained at three or lour elifiil- 
lations, which could not othcrwife be obtained at fifty 
or lixty. 

3. Animal Fats. Though thefe differ considerably 
from one another in their external appearance, and 
pre>bably in their medicinal qualities, they afford, on a 
chemical analyfiS, products limilar in quality, and dif- 
fering but inconliderably in quantity. They all yield 
a larger portion of oil, ami no volatile fait; in which 
refpect they differ from all other animal fubflances. 
Two ounces of hogs's lard yielded, according to Neu- 
mann, two drachms of an empyreumatic liquor, and 
one ounce five drachms and 50 grains of a clear brown- 
coloured oil of a volatile fmell, fbmewhat like horfe- 
radilh. The caput mortuum was of a mining black co- 
lour, and weighed 10 grains. 

Tallow being diflilled in the fame manner, two 
drachms of empyreumatic liquor were obtained from 
two ounces of it; of a clear brown oil, fmelling like 
horfe-radifh, one ounce fix drachms and 12 grains. 
The remaining coal was ofa mining black colour, and 
weighed 18 grains. A particular kind of acid is- now 
found to be contained in it. 

The marrow of bones differs a little from fats, 
when chemically examined. Four ounces of frefh 
marrow, diflilled in the ulual -manner, gave over three 
drachms and a fcruple ofa liquor which fmclled like 
tallow ; two fcruplcs and an halfof liquor which had 
more of an empyreumatic and a fourifh fmell; two 
ounces and an halfof a yellow ifh-brow 11, butyraceons 
oil, which fmelled like horfc-radilh ; and fix drachms 
and an half of a blackifh- brown oil of the fame fmell. 
The caput mortuum weighed four fcruplcs. 

All animal fats, when perfectly pure, burn totally 
away without leaving any feces, and have no particu- 
lar fmell. In the fkue in which we commonly find 
them, however, they are exceedingly apt to turn ran- 
cid, and emit a moft difagreeable and noxious fmell ; 
and to this they are peculiarly liable, when long kept 
in a gentle degree of heat. In this ftate, too. an mflam- 
mable vapograrifesfrom them, which when on fire is 
capable of producing explofions. Hence, in thofe 
works where large beHows are ufed they have been 
often fuddenly burfl by the inflammable vapours ari- 
sing from the rancid oil employed for foficning the 

leather 
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Refins and leather. The exprefTed unctuous oils of vegetables 
Balfams. are- fubject to the fame changes ; but from this ranci- 
dity they may all be freed moil effectually, by the Am- 
ple procefs of agitating them well with water: which 
is to be drawn off, and frefh quantities added, till it 
conies off at laft clear and infipid, without any ill fmell. 
The proper inftrument for performing this operation 
iu large is a barrel-churn, having in it four rows of 
narrow fplit deals, from the centre to the circumfe- 
rence, each piece fet at obtufe angles to the other, in 
order to give different directions to the oil and water 
as the churn turns round, thereby to mix them more 
intimately. The churn is to be fwiftly turned round 
for a few minutes ■, and muft then be left at reft, till 
the oil and water have fully feparated ; which will be 
in 15 or 20 minutes, more or lefs, according to the 
fize of the churn. When this water is drawn off, frelh 
water is to be put in, and the churn again turned 
round, and this continued till the oil is perfectly 
fweet. If the oil and water are allowed to fland to- 
gether for fome days, a gelatinous fubftance is found 
between them, which is not very eafdy mi fciblc either 
with oil or water. Chalk, quicklime, and alkaline 
falts, are found alfo capable of taking off the rancidity 
from oils -and fats; but have the inconvenience of de- 
ftroying a part of their fubftance. 

§ 4. Resixs and Balsams. 

These are commonly reckoned to be compofed of 
an effential oil thickeneJ by an acid ; as the effential 
oils themfelves are found to be convertible into a li- 
milar fubftance, by the exhalation of their more vola- 
tile parts. True refins are generally tranfparent in a 
coniidcrable degree, foluble in fpiritof wine, and pof- 
143a feffed of a confulerable degree of flavour. 
Whence Refins are originally produced by infpiffating the 

procured, natural juices which flow from incifions made in the 
ftems of growing vegetables, and are in that ftate 
called balfams. The balfams may be confidered as ef- 
fential oils thickened by loiing fome of their odorife- 
rous principle, and of their finefl and moft volatile 
parts. There are feveralkinds of balfams, which, how- 
ever, differ from each other only in the fmell and de- 
gree of confiftence ; and therefore all yield fimilar 
products on diftillation. An analylis of turpentine 
therefore will be fufficient as an example of the analy- 

1433 fis and natural properties of all the reft. 

Turpentine The true turpentine-tree is found in Spain and the 
Chio. fouthern parts of France, as well as in the ifland of 

Chio and in the Indies. It is a middling-fized ever- 
green-tree, with leaves like thofe of the bay, bearing 
purplifh, imperfect flowers ; and on feparate pedicles 
hard unctuous berries like thofe of juniper. It is ex- 
tremely refinous ; and unlcfs the rcfiu is difcharged, 
decays, produces fungous excrefcences, fwells, burfts, 
and dies; the prevention of which confiits wholly in 
plentiful bleeding, ooth in the trunk and branches. 
The juice is the Chio or Cyprus turpentine, of the mops. 
This fort is quite of a thick confiftence, of a greenifh 
white colour, clear and tranfparent, and of fcarcely 

1434 »By ta fte or fmell. 

Y;nice. The kind now called Venice turpentine t is no other 
than a mixture of eight parts of common yellow or 
black rofin with five parts of oil of turpentine. What 

2 



was originally Venice turpentine is now unknown. Refins and 
Neumann relates, that the Venice turpentine fold in lj«Hams. 
his country was no other than that prepared from the 
larix tree, which grows plentifully in fome parts of 
France, as alfo in Auftria, Tyrol, Italy, Spain, &c. 
Of this there are two kinds ; the young trees yielding 
a thin limpid juice, refembliug balfam of copaiba ; the 
older, a yellower and thicker one. 1435 

The Strajburg turpentine is extracted from the filver- Strafburg. 
fir. Dr Lewis takes notice that fome of the exotic 
firs afford balfams, or refins, fuperior to thofe obtained 
from the native European ones ; as particularly that 
called balm ofCileadjlr, which is now naturalized to 
our own climate. A large- quantity of an elegant re- 
finous juice may be collected from the cones of this 
tree : the leaves alfo, when rubbed, emit a fragrant 
fmell ; and yield, with rectified fpirit, an agreeable re- 
finous extract. 1436 

The common turpentine is prepared from different Common, 
fortsof thepine ; and isquite thick, white, and opaque. 
Even this is often counterfeited by mixtures of rofin 
and common exprelled oils. I4 ,- 

AH the turpentines yield a coniidcrable proportion Phenome- 
of eflential oil. From iixteen ounces of Venice tur- i>a en diftii- 
pentine, Neumann obtained, by diftillation with wa- lation - 
ter, four ounces and three drachms of oil. The fame 
quantity diftilled, without addition, in the heat of a 
water-bath, gave but two ounces and an half; and 
from the reliduum treated with water, only an ounce 
could be obtained, The water remaining in the ftill 
is found to have imbibed nothing from the turpentine; 
on the contrary, the turpentine is found to imbibe 
part of the water ; the refiduum and the oil amount- 
ing to a full ounce on the pound more than the tur- 
pentine employed. When turpentine is diftilled or 
boiled with water till it becomes folid, it appears yel- 
lowifh ; when the procefs is further continued, of a 
reddifh brown colour : in the firft ftate, it is called 
boiled turpentine ; and in the latter, colophony, or rofin. 

On diftilling fixteen ounces of turpentine in a re- 
tort with an open fire, increafed by degrees, we obi 
tain firft four ounces of a limpid colourlefs oil ; then 
'two ounces and two drachms of a yellowifh one ; 
four, ounces and three drachms of a thicker yellow 
oil ; and two ounces and one drachm of a darkbrown- 
ifh red empyreumatic oil, of the confiftence of balfam, 
and commonly called balfam of 'turpentine. . l4 ^g 

The limpid effential oil calledy^'r/r of turpentine, is Eflential 
exceedingly difficult of folution in fpirit of wine ; tho' oil difficult 
turpentine itfelf diffblves v/ith great eafe. One part 
of the oil may indeed be diffolved in feven parts of 
rectified fpirit ; but on Handing for fome time, the 
greateft part of the oil fubfides to the bottom, a much 
greater proportion of fpirit being requilite to keep it 
diffolved. 

2. Benzoin. This is a very brittle brownifh refm, 
of an exceedingly fragrant fmell. The tree which 
produces benzoin is a native of the Eafl; Indies ; par- 
ticularly of Siam and the ifland of Sumatra. It is ne- 
ver permitted to exceed the iixth year ; being, after 
this time, unfit for producing the benzoin. It is then 
cut down, and its place fupplied by a young tree rai- 
fed commonly from the fruit. One tree does not 
yield above three pounds of benzoin. 

A tree fuppofed to be the fame with that which af- 
fords 
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1449 
Benzcilr. 



2CO 



C H E M I S T R Y. 



Pnicftice. 









T4H 
bitumens. 



1441 



cum. 



lcntiful alio in 

ience it has been 

acre it grows with vigour in 

c the 

rectified fpirit a rc- 

;i ; but nordin lias been otiferved 

J, nor has any ben- 

iroin it in America. 

totally in fpirit of wine into a 

blood-red liquor, leaving only the impurities, which 

>uly amount to no more than a icrnple on an 

iter, it gives out * portion of faline mat- 

■: a peculiar kind, volatile and fublimable in the 

Sec 984 ttftq. 

The principal ui'e of rclins is in the making of lac- 

. aiihes, &c. See Varnish. 

'. B J T V M E V 5. 

These are inflammable mineral bodies, not fulphu- 

rcous, or only cafually impregnated with fulphur. 

They are of various degrees of confiftency ; and feem, 

le mineral kingdom, to correfpond with the oils 

a\\<\ rclins in the vegetd 

Concerning the origin of bitumens, chemifts are not 
at ,i!l agreed. Some chemical writers, particularly 
Mr Macquer, imagine bitumens to be no other than 
table rclins altered in a peculiar manner by the 
admixt ire of fonie of tlic mineral acids in the eartli ; 
but Dr Lewis is of a contrary opinion, for the follow- 
reafons. 
u Mineral bitumens are very different in their qua- 
lities from vegetable reiins ; and, in the mineral king- 
dom, we find a fluid oil very different from vegetable 
oils. The mineral oil is changed by mineral acids in- 
fttbftance greatly refembling bitumens ; and the 
are changed by the fame acids into fub- 
refembling the natural refins. 
*• From bit tmenswe obtain, by diftillation, the mi- 
neral oil, and from refins the vegetable oil, diitincl in 
their qualities as at firft. Vegetable oils and refins 

tied with all the known mineral a 
but fa ryiclded any thing fimilar to the mine- 

ral bitumens. It feems, therefore, as if the oily pro- 
ms were ellentially and fpe- 
ily different. The laws of chemical inquiries at 
lealt demand, that we do not look upon them any 
otherwife, till we are able to produce from oneafub- 
ftance fimilar to the other. \\ hen this fhall be done, 
and not before, the preemption that nature effects the 
fame changes in the bowels of the earth, will be of 
fome weight." 

There is a perfectly fluid, thin bitumen, or mine- 

i, called . :iear and colourlefs ascryftal ; 

irongfmell ; extremely fubtile ; fo light as to fwim 

I known liquors, ether perhaps excepted : fpread- 

1 a vaft fnrface on water, and exhibiting rain- 

dy inflammable : formerly made ufe 

the compolition of the fuppofed inextinguilhablc 

lire. 

Next to this in confiftence is the oleum pctra, or pe- 

which is "roller and thicker than naphtha, 

i(h colour ; but very 

even on fpirit of wine. By di- 

becomes thinner and more 

1 



fubtile, a grofs matter ' d , itdoi 

howevtr, eafxly arife, no 

by this procefs, without particular managements or 

additions. 

th naphtha and petroleum are found plentifully 
in fome parts of Eerfia, trickling through rocks or 
fwimming on the lurface of waters. Kempfer 

an account of two fprings near Baku; one affording 
naphtha, which it receives in drops from fubterrane- 

ous veins ; the other, a blackilh and more fetid pe- 
troleum, which comes from Mount Caucafus. 'I he 

naphtha is collected for making varnilhes ; the petro- 
leum is collected in pits, and lent to different places for 
lamps and torches. 

Native petrolta are likew ife found in many diffe- 
rent places, but are not to be had in the lhops ; what 
is fold there for petroleum, being generally oil of tur- 
pentine coloured with alkanet root'. The true naph- 
tha is recommended againft diforders of the nerves, 
pains, cramps, and contractions of the limbs, &c. but 
genuine naphtha is rarely or never brought to this 
country. 

There arc fome bitumens, fuch as amber, amber- 
gris, pit-coal, and jet, perfectly folid; others, fuch as 
Barbadoes tar, of a middle confiftence between fluid 
and folid. Turf and peat are likewifc thought to be- 
long to tliis clafs. 

1 . Amber. This fubftance melts, and burns in the 
tire, emitting a ftrong peculiar fmell. Diflilled in a 
ftrongheat, it yields a phlegm, an oil, and a particu- 
lar fpecics of acid fait. The diftillation is performed 
in earthen or glafs retorts, frequently with the addi- 
tion of land, fca-falt, coals, &c. which may break the 
tenacity of the melted mafs, fo as to keep it from 
fwelling up, which it is apt to do by itfelf. Thefe 
additions, however, make a perceptible difference in 
the produce of the diftillation : with fome the fait 
proves yellowifh and dry ; with others, browniih or 
blackifii, and unctuous or foft like an extract: with 
fome, the oil is throughout of a dark brown colour ; 
with others, it proves externally green or grecnilh ; 
with elixated aflies, in particular, it is of a fine green. 
The quantity of oil and phlegm is greateft when coals 
are nfed, and that of fait when fea-falt is ufed. 

The molt advantageous method of diftilling amber, 
however, is without any addition ; and this is the me- 
thod ufed in Pruffia, where the greateft quantities of 
fait and oil of amber are made. At firft a phlegma- 
tic liquor diftils; then a fluid oil ; afterwards one that 
is thick and more ponderous ; and laft of all, an oil 
ftill more ponderous along with the fait. In order to 
collect the fait more perfectly, the receiver is fre- 
quently changed ; and the phlegm, and 1 i <g h t oil, which 
arife at firft, are kept by thcmfelves. The fait is pu- 
rified, by being kept fome time on bibulous paper, 
which abforbs a part of the oil : and changing the pa- 
per as long as it receives any oily ftaiu. For the fur- 
ther depuration as well as the nature of this fak, fee 
Succinum. 

2, Ambergris, This concrete, whicli is only ufed 
as a perfume, yields, on diftillation, products of a 
fimilar nature to that of amber, excepting that the 
volatile fait is in much lefs quantity. Sec Amber- 
gris. 

• 3. Pit-coal. See the articles Coal and Lit h an- 
thrax 
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Bitumens thrax. This fubftance yields by diftillation, ac- 
K ~~"* ' cording to the tranflator of the Chemical Dictio- 
nary, 1. phlegm, or water ; 2. a very acid liquor ; 3. 
a thin oil, like naphtha; 4. a thicker oil, refembling 
petroleum, which falls to the bottom of the former, 
and which rifes with a violent fire; 5. an acid, con- 
crete fait ; 6. an uninflammable earth (we fuppofe he 
means a piece of charred coal, or cinder) remains in 
the retort. The fluid oil obtained from coals is faid to 
be exceedingly inflammable, fo as to burn upon the fur- 
face of water like naphtha itfelf. 

4. Peat. There arc very conflderable differen- 
ces in this fubftance, proceeding probably from the 
admixture of different minerals : for the fubftance 
of peat is plainly of vegetable origin ; whence it is 
found to anfwer for the fmelting of ores, and the re- 
duction of metallic calces, nearly in the fame manner 
as coals of wood. Some forts yield, in burning, a very 
difagreeable fmell, which extends to a great diftance ; 
whilfl others are inofFenfive. Some burn into grey 
or white, and others into red, ferruginous allies. The 
afhes yield, on elixation, a fmall quantity of alkaline, 
and fome neutral falts. 

The fmoke of peat does not preferve or harden 
naon diftil- fl^ \[^ e t ^ t f W ood ; and the foot into which it 
lation. condenfes is more apt to liquefy in moift weather. On 
diftilling peat in clofe velfels, there arifes a clear in- 
fipid phlegm ; an acid liquor, which is f ucceeded by an 
alkaline one ; and a dark-coloured oil. The oil has a 
very pungent tafte, and an empyreumatic fmell ; lefs 
fetid than that of animal fubftances, but more fo than 
that of mineral bitumens. It congeals, in the cold, 
into a pitchy mafs, which liquefies in a fmall heat : it 
readily catches fire from a candle ; but burns lefs vehe- 
mently than other oils, and immediately goes out up- 
on removing the external flame. It diilolves almofl 
totally in rectified fpirit of wine, imo a dark, brownifh- 
red liquor. 

§ 6. Charcoal. 

Differences This is the form to which all inflammable matters 
between are reducible, by being fubjected to the moft vehe- 
the coals of ment action of fire in clofe velfels ; but though all the 
different co als are nearly fimilar to one another in appearance, 
ubftances. t ] ierc j s neverthelefs a very conflderable difference 
among them as to their qualities. Thus the charcoal 
of vegetables parts with its phlogifton very readily, 
and is ealily reducible to white allies : charred pit- 
coal, or, as it is commonly ciiled, coak, much more 
difficultly; and the :oals of burnt animal fubftances, 
far more difficultly than either of the two. Mr Mac- 
qner acquaints us, that the coal of ballock's blood 
parts with its phlogifton with the utmoft difficulty. 
He kept it very red, in a (hallow crucible furrounded 
with charcoal, fbrfixhoiyrs and more, ftirring it con- 
ftantly that it might be all expofed to the air, without 
being able to reduce i: to vfiite, or even grey aflies. 
It ftill remained very blacj.. and fill of phlogifton. 
The coals of pure oils, or concrete oily fubftances, 
and foot, which is a kind of coal railed during the in- 
flammation of oils, areas difficultly burnt as animal 
coals. Thefe coals contain voy little faline matter, 
and their allies fur nidi no alkali. Thefe coals, which 
are fo difficultly burnt, are alfo lefs capable of inflaming 
with nitre than others more combuftiblc; and fome of 
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them, in a great meafure, refift even the action of ni- 
tre itfelf. 

Charcoal is the moft refractory fubftance in nature ; 
no inftance having been known of its ever being 
melted, or fhowing the leaft difpofition to fufion, ei- 
ther by itfelf, or with additions: hence, charcoal is Charcoal 
found to be the moft proper fupport for fuch bodies as perfectly 
are to be expofed to the focus of a large burning glafs. re ra or ^' 
The only true folvent of charcoal is hepar fidphuris. 
By the violent heat of a burning-glafs, however, it is 
found to be entirely diffipable into inflammable air, 
without havingany refiduum. See Aerology, n°i2o. 
and Charcoal. 

The different fubftances mixed with different coals, 
render fome kinds of charcoal much lefs fit to be ufed 
in reviving metals from their calces, or in fmelting 
them originally from their ores. The coals of vege- 
table fubftances are found to anfwer belt for this pur- 
pofe> See Metallurgy. 

Sect. V. Vegetable and Animal Subflances. 

The only fubftances afforded by vegetables or ani- 
mals, which we have not yet examined, are the muci- 
laginous, or gummy ; and the colouring parts obtained 
by infufion, or boiling in water ; and the calculous con- 
cretions found in the bodies of animals, chiefly in the 
human bladder. The colouring matter is treated of under 
the article Colour- Making, to which we refer ; and in 
this fection (hall only conlider the nature of the others. 

Mucilage or Cum. 
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The mucilage of vegetables is a clear tranfparent Mucilage, 
fubftance, which has little or no tafte or fmell, the 
confidence of which is thick, ropy, and tenacious, 
when united with a certain quantity of fupera- 
bundant water. It is entirely and intimately foluble in 
water, and contains no difengaged acid or alkali. 

When mucilage is diffolved in a large quantity of 
water, it does not fenfibly alter the confluence of the 
liquor : but, by evaporation, the water grows more 
and more thick ; and, at laft, the matter acquires the 
confluence of gum arabic, or glue ; and this without 
loling its tranfparency, provided a heat not exceed- 
ing that of boiling water has been ufed. I4S $ 

Gums, and folid mucilages, when well dried and phenome* 
very hard, are not liquefied in the fire like refins, but na on di- 
fwell, and emit many fumes ; which are, at firft, wa- ft»Ua*i°»' 
tery : then oily, fuliginous, and acrid. Diftilled 
in clofe velfels, an aqaeous acid liquor comes over 
along with an empyreumatic oil, as from other vege- 
table fubftances ; a conflderable quantity of coal re- 
mains, which burns to allies with difficulty. 

Mucilages and gums are not foluble either by oils, 
fpirit of wine, alkalies, or acids, except in fo far as 
thry diffolve in thefe liquors by means of the water 
in which the alkali or acid art diifolved. They are, 
however, the moft effectual means of uniting oil with 
water. Three parts of- mucilage poured upon one 
part of oil, will incorporate with it by trituration or 
agitation ; and the compound will be ioluble in water. 
Vegetable gums are ufed in medicine, as well as the 
mechanic arts; bin :he particular ufes to which each 
of them is applicable will be mentioned under the 
name of each particular gum. 
C c 
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.1; the e\ iporationis Hill 
trcontinu atter acquires the confilb 

»rn. 

I ms to be the only true 

ie body, by long comi- 
jclly, the hardefit 
jelly, as well as \ 

i lodorous ; but, 

ficult t-> defcribe the difference betwixt 

it, it is very ealily perceived when 

c both 1 ^ alkalies, particii- 

Lve animal jellies with great eafe ; 

but tin imbinations is not yet under- 

The other prop< rties of this fubftance are com- 

> it with the \egetable gums, except only that 

I mucilage forms a much ftrongcr cement than 

Mr gum: and is therefore much employed 

i purpofes, under the name of glue. Sic 

Glue and Isingl . 

§ 2. Of the Human Calculus. 

THisfttbftance has been repeatedly examined by the 
moft eminent chemitts. Mr Scheele, as has been n - 
\ AU j n ,, : . . has bcenablc to extraft an acid from 

it. His account of it in other refpe&s is to the fol- 
lowing pur] 

i. All the calculi examined, whether flat and po- 
liced, or r angular, were of the fame nature, 
and confided of the fame conllituent pal 

2. The diluted vitriolic acid has no effect upon the 
as, but the concentrated acid diifolves it, and by 
a bftra i it is converted into the fulphureous 

kind, leaving a black coal behind. 

her diluted nor concentrated ipirit of fait had 
effect upon it. 
Bj m< ins of nitrous acid, a new one was produ- 
ced, and which is poflefled of lingular qualities, asal- 
. mentioned. 
5/ Tne . f calculus in nitrous acid is not 

•recipitati th, nor are metallic folu- 

tion altered by it. 

6. It is not precipitated by alkalies, but grows 

fuperabundance of the latter. 

it the liquor becomes red, and 

colour. It precipitates 

. k colour ; vitriol of copper, green ; 

iblimate, zinc, and lead, white. 

7 . ; .on is decomposed .by lime-water, and 
lets fall a white precipitate, lbluble in the muriatic acid 
without any effervcfccnce : but though there be an 
excefsof precipitate, the liquor ftill remains acid; which 

.'.ih animal earth, and that of fluor dif- 
.1 in the fame acids. O ition to drynefs, 

the matter will ai-laft take fire ; but when heated on- 
ly to 1 heat in a clofe crucible, it grows black, 
fmellslike burnt alum, and effervefces with acids; be- 
; 3 nvertible before the blow-pipe into quicklime. 

8. Neither this folution, nor the alkaline mixture, 

I by the acid of lugar. 

o. t7u isnot changed by acid of tartar, 

: even in the cold by alkali, when 

h a ftate of cauflicity as not to difcover 

thcleait:. • The folution is yellow 
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10. Calculus is likewife diflblved b) ; in 

lime-water ; and ior this purpofe fi 
water are required to twelve | bis ; 

but the latter is partly precipitated by adding acids to 
the folution. By this union the limc-v ater lofes its 
caultic tafte. 

n. Calculus is alfo diflblved entirely by pure wa- 
ter ; but for this purpofe a large quantity 01 fluid is 
required. Eight grains of calculus in line powder 
will diflblve by boiling for a fhort time in five oui 
of water. The folution reddens tincture of lacmns, 
but does not precipitate lime-water; and when it 
grows cold, the greatett pari of the calculus feparate* 
in fine cryltals. 

12. On dillilling a drachm of calculus in a glafs 
retort, a volatile liquor was obtained refembling harts- 
hern, but without any oil ; and in the neck of the vef- 
Icl was a brown fiiblimatc. On healing the retort 
thoroughly red hot, and then leaving it to cool, a black 
coal was left, weighing 12 grains, which retained its 
black colour on a red hot iron in the open air. The 
fublimate, which had fome marks of fufion, weighed 
28 grains, and became white by a new fublimation. 
Its tafte was fomewhat fouriih, but it had no fmell ; it 
was Soluble both in water and infpirit of wine ; but a 
larger quantity of fpirit than of water was requilite for 
this purpofe. It did not precipitate lime-water, and 
feemed in fome refpetts to agree with the fal fuccini. I45 ^ 

From thefe experiments our author concludes, that Hiscondu- 
the human calculus is neither calcareous nor gyp- fionscon- 
feous ; but confifts of an oily, dry, volatile acid, uni- cerning hi 
ted with fome gelatinous matter. The calculus is an c 01 "? *" 1 - 
oily fait, in which the acid prevails a little, finceit is non " 
foluble in pure water ; and this folution reddens the 
tinclure of lacmus. That it contains phlogifton, ap- 
pears from its folution in cauitic alkalies and lime-wa- 
ter, but efpecially from the effect of the nitrous acid, 
by whicli it acquires quite different properties than 
from folution in alkalies; nor can it be precipitated 
from this folution. The animal gelatinous fubftance ap- 
pearson diftillation, by w hichaliquor isobtained refem- 
bling fpirit of hart (horn, and a fine coal is left behind. x _ 

13. Calculus is found diflblved in all urine, even in j s found 
that of children. On evaporating four kanncs offrefli univcrfally 
urine to two ounces, a fine powder is depofited as it in urine, 
cools, and a part firmly adheres to the glafs. The 
precipitated powder readily diilolves in a few drops of 

caaftic fixed alkali; and has in other refpe^ts all the 
properties of calculus. Of the fame nature is the late- 
ritious fediment depofited by the urine of thofe who 
labour under an ague. Mr Scheele fufpected at f.rft, 
that there was in this urine fome unknown Inenftruum 
which kept fuch a quantity of powder diflblved, and 
which might afterwards evaporate by expofurc to the 
air ; but altered his opinion on perceiving that the le- 
dimentwas equally depofited in clofe vcflels. 

14. All urine contains fome animal cirth combined 
with phofphoric acid ; by the fuperabundance oi w h 
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acid, the earth is kept dilfolved ; and by reafon of 
this fupcrabundant acid frelh urine communicates a red 
colour to lacmus. By faturation with cauftic volatile 
alkali a white powder is precipitated; of which three 
drachms and an half are obtained from four kannes of 
urine. It is foluble in nitrous acid ; and on adding 
the vitriolic., fome gypfum is precipitated. On evapo- 
rating the nitrous acid, another remained, which pre- 
cipitated lime-water; and when mixed with lamp-black, 
afforded phofphorus by diltillation ; whence it is evi- 
dent, that the white powder jult mentioned contained 
lime and phofphoric acid. 

15. From thefe experiments Mr Scheele concludes, 
that all urine contains, bcfides the fubftances already 
known [viz. fal ammoniac, common fait, digeftive fait, 
Glauber's fait, microcofmic fait, fal perlatum, and an 
oily extractive matter), a concrete acid, or that of cal- 
culus, and animal earth. It is alfo remarkable, that the 
urine of the fick is more acid, and contains more ani- 
mal earth than that of healthy perfons. With regard 
to the fal perlatum, it was afterwards difcovered by Mr 
Scheele not to be a peculiar acid, but only a phofpho- 
ric acid dilguifed by a fmall quantity of foffil alkali 
united with it. The analyfis is confirmed by fynthe- 
fis ; for, by combining foffil alkali with phofphoric 
acid, our author obtained a true perlate acid. 

In a fupplement to Mr Scheele's differtation on the 
calculus, Mr Bergman obferves, that he could not fuc- 
ceed in diilblving it entirely either in pure water or in 
the nitrous acid, though the undillblved part was the 
lefs in proportion to the finenefs of the powder to 
which the calculus was reduced. The undiffelvcd part 
appears molt confpicuous, when fmall pieces, or fmall 
calculi of a few grains weight only, are put into a fu- 
perabundant quantity of menftruum, and kept in a de- 
gree of heat very near to that which makes water boil. 
Here it will be obferved, that the greateft part of the 
piece is dilfolved ; but that at the fame time fome 
fmall white fpongy particles remain, which are not af- 
fected either by water, fpirit ot wine, acids, or cauftic 
volatile alkali. If the liquor be made fully to boil, 
thefe particles divide into white rare flocculi, and be- 
come almoft imperceptible, but without any entire dif- 
folution. Mr Bergman could not colled a fufficient 
quantity of them to determine their nature with accu- 
racy ; only he obferved, that when expofed to a ftrong 
heat, they were reduced to a coal which burns (lowly 
to'ames, and is not foluble in diluted nitrous acid. 

" When calculus velicae (fays he) is dilfolved in 
nitrous acid, no precipitation enfucs on adding the acid 
of fugar ; whence one is readily induced to conclude, 
that there is no calcareous earth prefent, becaufe this 
experiment is the fureft way to difcover it. But I 
have found, in the variety of experiments concerning 
elective attractions, that the addition of a third fub- 
ftance, Lnfiead of difuniting two already united, often 
unites both very clofely. That the fame thing hap- 
pens here I had the more reafon to believe^ becaufe the 
acid of fugar contains fome phlogiftic matter, though 
offuch a fubtle nature, that, on being burned, it doesnot 
produceany fenfible coal ; and the event of my expe- 
riment has mown, that I was not miftaken in my con- 
jecture.. Iu order to afcertain this point, I burned 
coals of the calculus to afhes, which were quite white, 
and fliowed in every refpect the fame phenomena as 
lime ; caufed fome effervefcence during their folution 



in acids, united with vitriolic acid inte gypfum, were Calculus, 
precipitated by the acid of fugar, and \\ ere partly fo- , *~^' 
luble in pure water, &c. Notwithftanding this, there 
remains about one-hundredth part of the afhes info- 
luble in aquafortis ; being the remainder of the fub- 
ftance abovemeutioned, which, together with the 
concrete acid, conftiuites the calculus. If the calculus 
be dilfolved in nitrous acid, the folution filtered and eva- 
porated to drynefs, and the dry mafs calcined to wbite- 
nefs, a calcareous powder is thus likewife obtained." l4 g r 

As pure vitriolic acid contains no phlogifton, our Cakarcou* 
author fuppoied, that by dropping it, in its coneentra- earth fepa- 
ted flate, into a folution of calculus in nitrous acid, the rated from 
calcareous earth, if any exifted in it, would be difcover- '* r by v !* n " 
ed. In this he was not difappointed ; for when the " ' 

folution was faturated, fome fmall cryftals were thus 
immediately feparated. Thefe, on examination, were 
found to be gypfum ; and, after being diffolved in di- 
ftilled water, were precipitated by acid of fugar. W hen 
the folution of calculus was very much diluted, no 
change appeared at firft on the addition of oil of vi- 
triol ; but after a little evaporation, the abovemen- 
tioned cryftals began to appear. Some calculi of the 
bladder or kidneys at leaft certainly contain lime, but 
feldom more than one half in an hundred parts, or one 
in 200 parts. » 

By the affiftance of heat, concentrated vitriolic acid 
diifolves the calculus with effervefcence, and the folu- 
tion is of a dark brown colour. Oh adding a little wa- 
ter, a kind of coagulation takes place ; but by adding 
more, the liquor again becomes clear, and affumes a 
yellowifh colour. Mr Bergman agrees with^Mr 
Scheele in fuppofing that the muriatic acid has no ef- 
fect upon the calculus ; but he is in no doubt whether it 
may not extract fome part of the calcareous earth. T g 

The red colour affumed by the folution of calculus R e d colour 
in aquafortis is remarkable. A faturated folution dif of the ni- 
covers no fmell of nitrous acid, and if evaporated by tr°us folu- 
itfelf in a large open veifel, the liquor affumes at laft tion ac " 
a deep red colour, and fcarcely contains any nitrous " mitcli 
acid: for, on the one hand, paper tinged with lac- ° r * 
mus fcarce fhows any rednefs ; and, on the other, the 
colour is deftroyed irrecoverably by the addition of 
any acid. By quick evaporation the folution at laft 
fwells into innumerable bubbles ; the foam grows 
redder and redder, and at laft becomes dark red after 
it is quite dry. This dry mafs communicates its co- 
lour to a much larger quantity of water than before, 
and diffolves very readily in all acids, even fuch as 
have no action on the calculus ; but they entirely de- 
ftroy the colour, and that the more quickly in pro- 
portion to their degree of ftrength; even alum has 
this effect on account of the fmall quantity offoofe acid 
it contains. Cauftic alkalies alfo diflblve the colour- 
ing matter, and deftroy it, but more flowly. 

Our author endeavours to account for this red co- 
lour produced by the nitrous acid, from the peculiar 
nature of that acid and the effect it has upon phlo- 
gifton. In order to obtain it, a proportionable quan- 
tity of acid muft be made nfe of, and it ought to be 
diluted, that there may be no danger of going be- 
yond the necelfary limit. If too much be ufed, it will 
not produce tie proper effect; but, by reafon of its 
fuperabnndance, more or lefs, or even the whole, will 
be deftroyed in proportion to the quantity. By pour- 
ing it in an undiluted ftate on powdered calculus, it is 
C c 2 con- 
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" t c J in a few moments into mere foam. The 
ore caiily Separated from ihc 
', as the Litter is ren 
unmable particle* of the 
ied to them both united does not pro- 
duce any precipitation ; a circumftance generally ob- 
I where two ftcida arc united. In this cafe both 
the acids unite with the alkali, according to the dif- 
:!icir attraction. The red mafs obtain- 
fter defecation is, however, very different from 
the concentrated acid, fuch as is contained in the cal- 
culus ; fol it is of a darker colour, and very deliquef- 
cciu : the Leaft particle gives a rofe colour to a very 
lcrablc quantity of water ; but the muriatic and 
other firing acids always certainly deftroy it ; and, in 
a longer or lhorter time, produce a colourlefs folu- 
tion. This remarkable change depends, according 
to our author, more on the action of the nitrous acid 
upon the inflammable part, than upon any thing re- 
maining behind. — Such red fpots as are produced up- 
on the ikin by the folution, are likewife produced up- 
on bones, glafs, paper, and other fubftances ; but 
more time is required for their becoming vilible, 
h this too may be a little accelerated by means 
of heat. 

The following is an abftracl of Mr Higgins's expe- 
riments upon this fubjeft. 

i. Eight hundred and forty grains of dry and well 
jems cm this p 0WC ] erC( i calculus were introduced into a glafs retort. 
Ic was taken from a laminated ftone with a final 1 nu- 
cleus, which was likewife laminated. The outward crufl 
appeared very porous, but increafed in deniity towards 
the centre. By the application of heat, an elaftic fluid 
was tirft llowly extricated ; and which, on examination, 
appeared to be compofed of equal parts of fixed and 
phlogillicatcd air. The laft portions came over very 
taft, and were attended with an urinous fmell ; and, 
by continuing the diftillation, it became evident that 
fixed and alkaline air came over together without form- 
ing any union, as they ought, on the common prin- 
ciples of chemiftry, to have done ; though our author 
is at l loi's DO know why they did not unite, unlefs 
they were prevented by the final] quantity of inriam- 
mablc air which came over along with them. 

Fr »m the beginning of the ioth meafure, a black, 
■y, and grcafy matter began to line the conical 
md air-vcflel adapted to the retort; and as the 
rent on, the proportion of alkaline air de- 
creafed, while that of the inflammable air was aug- 
cd, until towards the end, when the laft nine 
res were all inflammable ; after which no more 
1 come over, though the retort was urged with 
a white heat. On breaking the diftilling vcficl, a 
black powder wcghing 95 grains was found in it. On 
:ing this for an hour in ten ounces of diftilled wa- 
ter, and then filtering and evaporating it to two oun- 
ces, a yellowilh powder was precipitated, but no cry- 
were formed after {landing a whole night. This 
Icr was then feparated by filtration, and the liquor 
rated to one ounce; during which time more 
Icr was precipitated. It was then filtered a fe- 
the liquor evaporated to half an ounce; 
depofit a white powder, and to emit 
ci J aftringent vapour, not unlike that of vitrio- 
lic tci te precipitate, when wailied and 



, amounted only to one grain, had a mining ap- CaktthH 
ucc, and felt very loft, not unlike mica in pow- ' - 
k'a r. It was not changed, but rather Looked whiter 

by ekpofing it to a tierce heat for ten minutes. It 
dillblved in diftilled water without being precipitated 
by cauflic volatile alkali. Mineral alkali, acid of fu- 
gar, and nitrated terra ponderofa, rendered the folu- 
tion turbid ; whence our author inferred, that the pow- 
der in qucfliou was felcnite. 

After the fcparalion of this powder, the remaining 
folution was evaporated to dry nets with a gentle heat. 
During the evaporation it continued to emit fubacid 
vapours, leaving eleven grains of powder of a dirty 
yellow colour, having an aluminous taflc. To this 
powder he added as much diftilled water as was nearly 
fufficient to dillblve it ; after which it was let by for 
three weeks. At the expiration of this term feveral 
fmall, tranfparent, and cubical cryftals appeared on 
the fide of the velfel above the furface of the folution ; 
and thefe likewife had an aluminous tafte. The whole 
was then dillblved in diftilled water, and the folution 
filtered. Acid of fugar produced no change in the 
liquor for at leaft five minutes, but an immediate 
cloudinefs took place on a mixture with volatile alkali ; 
and on filtering the liquor it was again rendered turbid 
by mineral alkali, though the cauflic alkali already 
predominated. Nitrated terra ponderofa threw down 
a copious precipitate, and Prufhan alkali difcovered a 
fmall quantity of iron. This aluminous folution left 
a yellow fubflance on the filter ; which, when col- 
lected and dried, weighed only half a grain : it dif- 
folved without effcrvefcence in nitrous acid ; acid of 
fugar caufed no precipitation, but cauflic volatile al- 
kali threw down a precipitate which diHolved in dif- 
tilled water. This folution was rendered turbid by 
the acid of fugar and muriated terra ponderofa, but 
no effect was produced by cauflic volatile alkali or 
lime-water. 

The yellow powder firft depofited by the folution 
weighed two grains and a half, and by cxpofure to a 
ftrong heat acquired a deep orange colour. On di- 
geftion with diftilled water, the infoluble part was re- 
duced to three-fourths of a grain, and appeared to be 
iron : while the foluble part was found to be nothing 
elfe but gypfum. Our author, however, is of opinion, 
that this iron is impregnated with a fmall portion of 
vitriolic acid, though not in fuch quantity as to ren- 
der it foluble. 

The charred matter remaining in the retort was 
reduced by lixiviation with water to 80 grains. Thefe 
were calcined with a red heat in an open fire, but 
could not be reduced to a grey powder in lefs than 
three quarters of an hour. When thoroughly cal- 
cined and cold, it weighed only 21 grains, which com- 
municated to hot diftilled water a limy taftc, and gave 
it the properly of turning fyrup of violets green. Di- 
luted vitriolic acid had no effect upon it, but it was 
rendered turbid by aerated volatile alkali and acid of 
fugar. The remainder when well dried weighed 16 
grains, which dillblved in nitrous acid at firft with a 
little effervefcence ; and when this ceafed, the folution 
went on very (lowly, until the whole was taken up. 
Acid of fugar made no change in the liquid, but the 
whole was precipitated by cauflic volatile ;-lkali. Pruf- 
Gan alkali threw dowaa grain, or perhaps more, of 
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blue; the precipitate digefled with diflilled vinegar loft 
a grain and an half, which was thrown down by cauf- 
tic volatile alkali. The infoluble part being wafhed 
and digelled in diftilled water for half an hour, was 
partly diffolved ; the folution was not affected by cauf- 
tic volatile alkali, but acid of fugar and nitrated terra 
ponderofa caufed. an immediate cloudinefs. Seven 
count of its grains and an half of the powder, Xvhich was infolu- 
component ble both in acetous acid and diitilled water, were rea- 
dily taken up by diluted vitriolic acid, and precipita- 
ted by cauflic volatile alkali : the 16 grains laft treat- 
ed, therefore, appeared to contain, of clay jl grains ; 
©f felenite, fix grains ; magneiia, one and a half ; 
and of iron, one grain. The proportions of the dif- 
ferent ingredients in the whole calculus, therefore, 
according to Mr Higgins, are as follows : 

Grains. 
Iron - - 2\ 

Selenite - - 1 1 

Clay - - 7; 

Alum - - 8 

Pure calcareous earth - 5 

Aerated magneiia - - ii. 

Charry combuftible fubftance - 59 
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In all 94^. 

In this experiment, a darkifh yellow fublimate adhe- 
red to the neck of the retort ; the inner part next the 
retort more compact, but the reft of a lamellar fpon- 
gy texture. This fublimate, when carefully colled ed, 
was found to weigh 425 grains, and readily diffolved 
iri eight ounces of hot diftilled water. A coaly fub- 
ftance was feparated from this folution by filtration, 
which, when wafhed and dried, weighed ten grains, 
and when expofed to a red heat burned with a green- 
ifh flame, emitting white fumes, which fmelledlike vi- 
triolic fal ammoniac : the refiduum after calcination 
weighed half a grain, and was of a whitifh colour: 
appearing infoluble in diftilled water, but diffolving 
with effervefcencc in nitrous acid. Acid of fugar cau- 
fed a very fmall precipitation, which did not take place 
until the mixture had flood for fome time ; but cau- 
ftic volatile alkali inftantly threw down a precipitate, 
which was taken up, when wafhed, by the acetous a- 
cid. The quantity was too fmall to be examined with 
greater accuracy ; but it feemed to poffefs the proper- 
ties of magnefia. The faline folution had the colour 
of fmall beer j and, when evaporated to two ounces, did 
not depofit any fediment, or yield any cry flals. The 
black matter with which the conical tube and air vef- 
fel were lined, weighed 28 grains, and adhered fo faft 
to the glafs, that it was impoffiblc to collect the whole 
from the fragments of the giafs. When diffolved in 
diftilled water and filtered, four* grains of coals, limi- 
lar to that obtained from the former, were procured ; 
but no figns of cryftallizationwere obferved after eva- 
poration to one ounce, and fufFering the liquor to ftand 
all night. 

By this treatment the folution acquired the confid- 
ence of treacle j fo that it was plainly not cry ftallizable, 
and therefore its analyfis was plainly to be attempted 
after a different method. It was now put into a tu- 
bulated glafs retort, together with fix ounces of di- 
ftilled water to wafh it down. By diftillation in a fand- 
bath, three ounce* of water were procured, which, dif- 



fered in nothing from common diftilled water, but in Calculus. 

being coloured with a fmall quantity of the folution ' * 

from the neck of the retort. On changing the recei- 
ver, about half an ounce of liquor of the fame kind- 
came over, after which the diftillation began to be at- 
tended with an urinous fmell. This continued barely 
perceptible for fome time ; but when about an ounce 
and an half had paffed over, it became fo very pun- 
gent, that our author could no longer doubt of its 
being in a cauftic ftate. A fmall quantity of mild al- 
kali, however, adhered to the lower part of the neck 
of the retort, fome of which was wafhed down by the 
diftillation ; fo that the proportions betwixt the two 
could not be afcertained. The volatile alkaline folu- 
tion in the retort had the colour of fpirit of hartfhorn, 
and like it became darker coloured by the contact of 
air ; on account of the evaporation of part of the al- 
kali, and the reft becoming lefs capable of fufpending^ 
the coaly matter mixed with it. 

After all the liquor had paffed over, and nothing 
remained in the retort but a fmall quantity of black 
matter, the fire wasraifed ; and, as the heat increafed, 
this black fubftance acquired a white colour, with a 
kind of arrangement on the furface, which was occa- 
fioned by the heat applied to the bottom of the retort 
being only fufHcient to raife the fait to the top of the 
matter in the retort ; but as the fand became nearly 
red-hot, white fumes began to appear, which conden- 
fed on the upper part of the retort, and a little way 
down the neck. The procefs lafted until the matter 
was nearly red-hot, when the fumes ceafed, and no- 
thing more paffed over. The fublimate, when col- 
lected, was found to weigh 72 grains, a black porous 
brittle fubftance remaining on the bottom of the re- 
tort, which weighed T2 grains. This refiduum, when 
expofed to a ftrong heat, emitted white fumes, with 
a flight alkaline fmell ; by which procefs it was redu- 
ced, with very little appearance of combuftion, to a 
grey powder weighing three grams, which was acci- 
dentally loft. 

Five grains of this purified fublimate, mixed with- 
as much quicklime, emitted no fmell of volatile alkali ; 
and, when thrown upon a red-hot iron, emitted white 
fumes. The fame effect was produced by a mixture 
of equal quantities of vegetable alkali and fublimate. 
The remainder, confuting of 62 grains, was divided 
into two equal parts ; the one of which was mixed 
with two ounces of diftilled water, and on the other 
was poured 60 grains of vitriolic acid diluted with 
half an ounce of water. Thefe two mixtures being 
fuffered to remain for fix weeks, feemed to be but 
little acted upon. That with vitriolic acid w r as then 
put into a fmall matrafs, and boiled on fand for half 
an hour with two ounces of diftilled water, when the 
whole was taken up.. The folution looked clear, and 
deposited nothing on ftanding. Mild mineral alkali 
had no effect upon it ; but mild vegetable alkali threw 
down a copious fediment in white fiocculj, which was 
rediffolved by cauftic alkali, lime-water, and partly by 
mild mineral alkali. Phlogifticated alkali, acid of fu- 
gar, and acid of tartar, had no effect upon it. The. 
other portion of fublimate, which had been mixed 
with diftilled water, was very little diffolved ; but in 
pouring it into a matrafs fome fmall round lumps were 
obfervable on the bottom of the glafs. Thefe were 
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cd white floccull, which were rcdiilolved on the 
iftic volatile alkali and lime-water. It 
turned fyrup of vi< ; ; which, however, our 

author thinks might have been occalioned by its re- 
taining volatile alkali, though it had not the 1'mal left 
I .my fuch impregnation. He has never- 
tlulc ntly obferved, that fometimes the purefl 

table alkali contains volatile alkali, notwithstand- 
ing l as operations and degrees of heat it un- 
does before it can be brought to the degree of pu- 
rity at which it is called fait or tartar. 

On filtering the folution to feparate what had been 
I by cooling, no change was produced in the 
cd liquor by mineral alkali ; but mild vegetable 
alkali produced a cloudinefs, which was inftantly taken 
i adding mineral alkali and lime-water. Neither 
ian alkali, nor the acids of arfenic, tartar, fugar, 
or borax, nor any of the three mineral acids, had any 
1466 effect upon it. 
bperi- 2. An hundred and twenty grains of the fame cal- 

btenti with cuius were put into a tubulated glafs retort, and half 
nitrous a- an OUIlcc of ftrong nitrous acid poured upon it. An 
■ nee immediately enfucd ; and fomc part of 
the extricated aerial fluid being perferved, appeared to 
be fixed air mixed with a fmall quantity of nitrous air. 
When the eflervefcence ceafed, a quarter of an ounce 
more of nitrous acid was added. On digeiting the 
mixture upon hot fand for an hour, it emitted nitrous 
;r and nitrous air; but the latter in very fmall 
proportion. When the folution was completed, the 
■ poured into a fmall •natrafs, and gently boil- 
ed till the fuperabundant nitrous acid was nearly ex- 
pelled. The folution was of a deep yellow colour and 
turbid ; but on adding five ounces more of water, and 
Sfting it for a quarter of an hour longer, it acqui- 
re colour and conliftcncy of dephlogifticated ni- 
! acid. On cooling it became fomewhat turbid, 
in a few days depofited a darkilh yellow powder; 
h, when leparated, warned, and dried, weighed 
little more than a quarter of a grain, and, on exami- 
. was (bund to be a calx of iron, 
liaea Our author being defirous to know what effect the 
.ould have upon it, placed it in a window where 
.one full upon it for four hours every day. 
Here a little moifturc feemed daily to exhale from it, 
hot, and the matrafs, which had a 
lhort wide neck, b< »vered, with bibulous pa- 

per to keep out the dull. In this fituation, in the 
ek, a few very fmall cryftals appeared 
pon the furface. Thefe in time fell to the 
bottom, where they adhered together fo as to form a 
return, ftillretainingacryftalline appearance, 
: • fmall and confufed, that it was impoflible to di- 
their figure; and this depolition of cryftals 
:th, after which it feemed to ceafe. 
The fetation was then filtered to feparate the fait ; af- 



tcr which one tolas. 

and the reft fet in the u - 

cr, but no , which 

t llid in four ounces 
of diflilled water; but no part feemed to be diflblved. 
Three ounces of the water were then decanted off, and 
iridic acid added to the remainder, 
which by the help of digcilion feemed to dUTolve the 
fait llowly; but on adding hali an ounce more diftil- 
, the whole was readily taken up. Acid of 
fugar had no effect on this folutibnj but lime-water: 
rendered it tut bid. '1 he whole was then precipitated 
with cauftic volatile alkali, and the folution filtered, 
which likewife threw down the lime from lime-water. 
The precipitate was then wafhed, and diflilled vinegar 
poured upon it, which did not take it up; but it was 
diflblved by marine acid. Phlogifticatcd alkali had no 
effect upon it ; and the acid.of fugar occalioned very 
little cloudinefs alter Handing three or four hours ; 
from which our author fuppofed that the matter was * 
phofphorated clay. 

The folution, being now free from iron and phof- 
phorated clay, had a fubacid taitc, and looked clearer, 
though Hill retaining a yellow call. Acid of" fugar 
had no effect upon it ; but nitrated terra ponderofa 
threw down a precipitate, as did likewife the caullic 
volatile alkali. Mild vegetable alkali caufed no preci- 
pitation ; which our author attributed to the folution 
of the manganefe and clay by the fixed air extricated 
from the alkali. Two thirds of the folution were 
then put into a fmall glafs retort, and two ounces di- 
ftillcd off*, which had no talk, but fmelled very agree- 
ably, and not unlike rofe-watcr. After all the liquor 
had palled over, white fumes appeared in the retort, 
and thefe were foon followed by an aerial fluid. On 
collecting fome of this, a candle was found to burn in 
it with an enlarged flame. Nitrous air did not dimi- 
nifli it in the leaft ; and it feemed to be that fpecies 
of air into which nitrous ammoniac is convertible. 
No more than 13 or 14 inches of this kind of air 
could be obtained; and as foon as it ceafed to come 
over, cryftals were obferved in the low cr part of the 
neck of the retort. On augmenting the heat, a white 
fait began to fublime and adhere to the upper part of 
the retort; the operation was continued until the re- 
tort was red-hot ; but, on breaking it, the quantity 
of fublimate. was fo fmall, that very little of it could 
be collected ; though, from the fmall quantity obtain- 
ed, our author was convinced of its being the fame in 
quality with what was obtained in the former analylis. 
The fait which cryftallizcd in the neck of the retort 
was nitrous ammoniac, as appeared from its detona- 
tion per ft, &c. A grey powder was left in the bot- 
tom of the retort, which hot diflilled water partly 
diiTolved ; muriated terra ponderofa, acid of fugar, 
and vegetable alkali, rendered this folution turbid : but 
cauftic volatile alkali had no effect upon Id. '1 be re- 
maining part of the powder which was left by the di- 
flilled water, readily diflblved with effcrvefccncein the 
marine acid, and was precipitated by cauftic \olanle 
alkali ; the part foluble in diflilled water a] j 
be gypfum, and that foluble in marine acid to be mag- 
nefia. 

From all thefe experiments, Mr Higgins conch 
the compofltion of the human calculus to be vafliy dif- 
ferent 
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ferent from what either Mr Scheele or Mr Bergman 
have fuppofed it to be. " It appears (lays he), that 
the calculus was compofed of the following different 
compounds blended together; viz. felenite, alum, 
microcofmic fait, mi d volatile alkali, lime, and caufiic 
volatile alkali, combined with oil, fo as to form a fa- 
gonaceous mafs ; calx of iron, maguclia combined with 
aerial acid, clay-enveloped by a faponaccous and oily 
matter, and the fublimate already defcribed." Conli- 
dering this to be the true ftate of the calculus irrthc 
bladder, the fmall proportions of clay, felenite, mag- 
nclia, and iron, which are the molt infoluble of the 
ingredients ; the great folubility or microcofmic fait 
and alum, and the mifcibility of lime, volatile alkali, 
and oil, in water ; tend to (how, that the fublimate is 
the cementing ingredient. Indeed, its inlohibility in 
water, and property of forming nuclei out of the body, 
as above obferved, leave no room to doubt it. The 
proportion of the other ingredients, and very likely 
their prefence, depend upon chance, volatile alkali and 
oil excepted ; therefore this fublimate ihould be the 
object of our inveftigation. 

Mr Higgins concludes his dilfertation with fome 
practical remarks concerning the remedies proper for 
diffolving the ftone, for counteracting that difpofition 
in the body which tends to produce it, and concern- 
ing the regimen proper for thofe who are to under- 
go the operation of cutting for it. " The effect of 
mild mineral alkali (fays he) on the fublimate, is 
well worth the attention of thofe who may have an 
opportunity of trying its efficacy. Mild mineral al- 
kali may be taken in large doles, and continued for 
a length of time with impunity to the moll deli- 
cate conftitutions, only obferving a few circumftances ; 
but this alkali, in a cauftic ftate, muft very often be 
attended with mifchievous confequences. Belides, if 
we conlider that it muft enter the mats of blood before 
any part can reach the bladder, and the fmall portion 
of the dofe taken fecreted with the urine, and, laftly, 
the action of cauftic alkali upon animal fabftances ; we 
mall be at a lofs to know on what principle cauftic 
alkalies have been recommended in preference to mild. 
Soap itfelf might as well be recommended at once; 
for foon after cauftic alkali is taken, it muft be in a 
faponaceous ftate. Fixed vegetable alkali Ihould be 
avoided, and the perference given to the other two al- 
kalies. As it is evident that alkalies have no real ac- 
tion on the ftone in the bladder, though their efficacy 
has been experienced in alleviating the difeafe when 
timely adminiilered, their mode of action is only ex- 
plicable in the following manner : They either prevent 
the generation of the fublimate in the fyftem, or elfe 
keep it in folution in the mafs of fluids : and being in 
the utmoft degree of divifibility, its ultimate particles 
are capable of paffing through the molt minute emunc- 
tories ; by which means it is carried off by other fecre- 
tions as well as the urinary. Thus urine, not be- 
ing faturated with this matter, acts as a folvcnt on the 
ftone ; and as the mojl friable oarts are firft waflied 
away, it falls through time into- fragments of irreg 
furfaces, which by their friction irritate and in Same 
the bladder, as has been obferved by feveral practi- 
tioners. 

" Allowing that the fublimate is the cementing fub- 
itance in the calculus, and judging, from the effects of 



alkalies upon it, their modus operandi in the conftitu- Calculus, 
tion, it remains now to inquire into the origin of the x -— ^— — • 
calculus. Mr Scheele has found thir- f iblimate in the 
urine of different perfons ; and hence inferred, that 't 
was a common fecretion ; but it flill remains to be af- 
certained, whether there be a greater quantity of it 
procured from the urine of patients who labour under 
this diforder than in thofe w ho do not ? If this fhould 
not be the cafe, may not a deficiency of volatile alkali 
in the conftitution be the caufe of the concretions in the 
kidneys, bladder, &c. ; or, which muft have the fame 
effeel, too great a proportion of acid, which, uniting 
with the alkali, may take up that portion which would 
have kept the fublimate in folution until conveyed out 
of the fyftem by the urinary and other fecretions ; and 
may not this be the phofphoric acid ? If this latter 
Ihould be the cafe, an increafe of microcofmic fait muft 
be found in the urine; but if the former, a decreafe 
of the volatile alkali, and no increafe of the neutra; 
fait. The fmall quantity of phofphoric acid found in 
the calculus proceeds from the folubility of micro- 
cofmic fait. Do not volatile alkali and phofphoric 
acid conftitute a great part of the human frame I and 
is their not a procefs continually carried on to gene- 
rate thefe in the fyftem ? and is not this procefs liable 
to be retarded or checked by intemperance, &c. which 
may vary their quantities and proportions ? and may 
not a due proportion of thefe be necelfary to a vigo- 
rous and found conftitution ? If fo, no wonder that an 
increafe or deficiency in either or both of thefe ihould 
be productive of feveral cliforders." 

On this fubject, however, our author has not had 
fufficient leifure to make the experiments necefiary for 
its elucidation. Indeed, it feems not eafy to do fo ; 
as, in his opinion, at leaft 500 would be required for r 47 » 
thepurpofe. " That the urinary fublimate is prefent Sublimate 
in tubercles found in the lungs of perfons who die of of calculus 
pulmonary confumptions, and likewife in what are found in 
vulgarly called chalk flows, is what I have experienced : c . (1Ilfum P _ 
but in what proportion, or whether in quantities fuf- glutTvt^ 
ficient to caufe the concretion, is what 1 cannot fay ; ,,i c . 
for I have had but a few grains of each to examine. 
I have every reafon to fufpect, that confumptions and 
fcorbutic complaints very frequently arife from a fu- 
perabundance of this fublimate in the fyftem ; and that 
it is chiefly the caufe of the gout and rheumatifm, and 
folely the caufe of the ftone in the bladder. I make 
no doubt but thefe diforders generally proceed from 
obftructions : and it is probable, that either a preci- 
pitation of this fublimate in the fyftem, or elfe a de- 
ficiency of fome other fecretion, which would hold it 
in folution until conveyed out of the body, maybe the 
chief caufe of thofe obftructions ; and likewife, that 
different degrees of precipitation may produce different 
fymptoms and diforders. 

" That mineral or volatile alkali and bark have 
been ufefn] in the above diforders, has been affirmed 
by experienced phvficians ; and I know an inftance 
n.yfeh of mineral alkali and nitrous ammoniac being 
ferviceable in a pulmonary complaint of fome {land- 
ing. 

" Withrefpect to the ftone, when it acquires a cer- 
tain magnitude, it is abfurd to attempt to diflblve it 
in the bladder, it waftcs fo very flowly ; and during 
this time the patient muft fuffer vaft pain, particularly 

when 
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pofition in the habit. Patients who Wt cut for the Nitrow 

ild, I think, take mineral alkali for fome time »cid. 
when the v\ ound is healed , but not before, lor feat 
of bringing on a mortification." 
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Containing fuch Discoveries ashave appeared iince the Compilation of the Article, 
and which could not be inlerted in their proper Places. 



I. Vitriolic Ether. 



M Pelletier formerly propofeda method of rec- 
• tifying this fluid by putting manganefe into 
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Various 

mcthodi of X^JL. tifying this fluid by putting manganele into 
°g the veffels ; but as the vitriolatcd manganefe might 
perhaps communicate fomc injurious quality, another 
method is propofed by M. Tingry. After firft draw- 
F the ether, he adds a diluted folution of volatile 
alkali, and avoids as much as polfible the diflipation 
of the vapours : the ether is then rediftillcd. It may 
afterwards in this way be walhcd more fafely, and 
With lefs lob:. The little proportion of the ether 
which is feparated in the water, may be again recover- 
ed, or the water may be again employed for the fame 
purpofe. M. Luncl propofes calcined magnefia for 
this purpofe, as i is fait is not folubk ; though perhaps 
pure terra pondcrol'a might be better. 
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II. Nitrous Acid. 

On this fubjccl Mr Higgins has feveral curious and 
interfiling ebiervations. *« It is not an eafy matter 
(fays he), to ascertain exactly thegreateft quantity of 
dephlogifticated air, which a given quantity of nitrous 
acid may contain. I always found nitre to vary, not only 
in its product of phlogifticatcd and dephlogifticated air, 
but likewile in their proportion to one another. The 
1 nitre will yield, about the middle of the procefs, 
dephlogifticated air fo pure as to contain only about 
« of phlogifticatcd air. In the beginning, and near- 
ly about the latter end of the procefs, air will be pro- 
duced about twice belter than common air. On mix- 
ing the different produces of a quantity of pure nitre, 
it was found that, by expofure to liver of fulphur, ' 
part was left unabforbed ; and this was the utmoft 
purity in which I obtained dephlogifticated air from 
nitre. 

u According to M. Lavoilier, 100 grains of nitrous 
acid contain 79; of dephlogifticated air, and 2Qi of 
phlogillicated air, which is not quite four to one. But 
his experiments contradict this ; for whatever mode he 
adopted todecompofc nitrous acid, it appeared that the 
proportion of dephlogifticated air was nearly as rive to 
one of phlogillicated air. 

" Mr Cavendiih has proved, that nitrous acid may 

I by taking the electric fpark in a mixture of 

three parts of phlogifticated air, and feven of dephlc- 

air, which is but \ more of dephlogifticated 

nitrous air contains; which may apparently 

ier's, aswellasmyown, eftimation 

o( the proportion of the conftituent principles of ni- 



trous acid, when in its perfect ftatc. Tlic red nitror , 
vapour-contains three parts of nitrous air and one of 
dephlogifticated air, or one of phlogifticatcd and three 
of dephlogifticated air ; but nitrous vapour may be 
formed with a lefs proportion of dephlogillicatcd air; 
and which, though it may not be fo condenlible as a 
more perfect nitrous vapour, yet will, when in contact 
with pure alkali, unite with it, and form nitre, as was 
the cafe in the experiment of Mr Cavendiih. The 
common ftraw-coloured nitrous acid contains more de- 
phlogifticated air than the red nitrous acid or vapour; 
the proportion appears to be about four to one ; but 
the colourlcfs contains about rive of dephlogifticated 
to one of phlogifticatcd air. 1475 

u Having once a charge of nitrons and vitriolic acid Method of 
in a green glafs retort, I put it in a fand-pot to di- obtaining 

ftil ; but the pot being fmall, the edge came too near c ? lourle ' s 
i 1 r • ? 1 nitrous a- 

the retort, about a quarter of an inch or more above . . 

the charge ; which, before the procefs comm-enced, 
and when it acquired more than the heat of boiling 
water, cracked it all round in that direction. Being 
thus lituated, I was obliged to withdraw the fire, and, 
before the charge got cold, to ladle it into an earthen 
pan. On introducing it into a frefh retort, I obtained 
from it nitrous acid nearly as coloui lefs as water. The 
vitriolic acid ufed in this procefs not being very per- 
fect, the goodnefs of the nitrous acid was attributed to 
the purity of the nitre from whence it was diflilled ; 
but in another procefs, though the fame nitre was ufed 
with much purer vitriolic acid, the produce was of an 
high ftraw colour. On recollecting the abovemen- 
tioned circumftance, the vitriolic aeid and nitre were 
next mingled in due proportion, and cxpofed in an 
earthen pan fet in fand, to nearly the heat of boiling 
water, for half an hour or more, continually exppfing 
frefh furfaces to the air. When the charge was quite 
cold, I introduced it into a retort, and diflilled as co- 
lourlefs nitrous acid as the former. As no nitrous air 
was emitted during digeftion, it muft have imbibed de- 
phlogifticated air from the atmofphere." , 

Mr Prouft found, that ftrong nitrous acid will fet fire How to fet 
to charcoal if it be rendered very dry. rlc likewife re- charcoal on 
marked, that charcoal expofed to the air a few hours fiw by 
after calcination, was unfit for the experiment. Char- nieani of 
coal, heobferves, attracts moifturc very forcibly. The n .'' rousa " 
firft effect of the charcoal on the nitrous acid, he ob- C1 
ferves, is to withdraw a portion of its water from it ; 
by which it is rendered highly concentrated, at the 
f-.me time that the condensation of the water heat?, ihe 
charcoal in a fmall degree, but fufficicntly to volatilize 
a nitrous vapour ; which, as foon as it readies that 
portion of dry charcoal next the humid part, is con- 
1 denfed 



Pra&ice. 



CHEMISTRY. 



209 



T477 

Effeft of 
nitrous a 
cid on 
Hood. 



Nitre, dcnfed by ic, and generates heat enough to promote 

— v ' the decomposition of the nitrous acid. Hence we fee 

why the experiment will not fucceed if the' acid be 
poured on the furface of the charcoal. 

The effect of nitrous acid on blood, according to 
Mr Higgins, is very Angular. Two parts of blood 
procured frelh at the butchers, one of Strong nitrous 
acid, and about one fifth of the whole of water, were 
digefted in the heat nearly of boiling water (Ireih 
portions of water being occafionally added until the 
whole of the acid was expelled), when it acquired 
almofl the colour, and exactly the tafte, of bile. When 
mixed with a large quantity of water, it acquired a 
fine yellow colour ; and, on Standing, deposited a fub- 
flance of a brighter yellow, though the fupernatant 
liquor flill retained a yellow colour and bitter tafte, 
but not fo intenfely as when the precipitate was fu- 
fpended in it. The different ftages of this procefs 
were well worthy of obfervation. No nitrous air was 
produced, and the acid was expelled in the flate of a 
white vapour. The liquor was found to increafe in 
bittcrnefs as the acidity vanifhed. About the middle 
of the procefs, the folution firfl tafted acid, but was 
quickly fucceeded by a bitter fenfation. It appears 
that the nitrous acid took dephlogifticated air from 
the blood ; for though red nitrons acid was ufed, it 
was expelled in a perfect flate. 

III. Nitre. 

Though the artificial generation of the nitrous a- 
cid, from a mixture of dephlogifticated and phlogifti- 
cated air, is now fufEciently understood, yet we do not 
well know in what manner nature performs the ope- 
ration. Some chemifts, particularly M. Thouvenal, 
have found, that putrefaction favours the production 
of nitrous acid. All animal fubftances, during their 
decay, give out a vaft quantity of phlogifticated air ; 
therefore, if dephlogifticated air be prefent, it will u- 
nite to the phlogifticated air in its nafcent ftate, and 
I47 8 form nitrous acid : but Mr Higgins has obferved, that 
Nitregene- nitrous acid may be generated in plenty where there is 
rated with- no putrid procefs going on. " The chemical elabo- 
outputre- r atory at Oxford (fays he) is near fix feet lower than 
the furface of the earth. The walls are conftructed 
with common limeftone, and arched over with the 
fame ; the floor is alfo paved with ftone. It is a large 
room, and very lofty. There are feparate rooms for 
the chemical preparations, fo that nothing is kept in 
the (.-laboratory but the neceflary implements for con- 
ducting experiments. There is an area adjoining it 
on a level with the floor, which, though not very 
large, is fufficient to admit a free circulation of air. 
The aflies and fwcepings of the elaboratory are depo- 
fited in it. There is a good fink in the centre of this 
area, fo that no Stagnated water can lodge there. Not- 
withstanding all this, the walls of the room afford 
frefh crops of nitre every three or four months. Dr 
Wall, who paid particular attention to this circum- 
ftance, and who told me it contained fixed vegetable 
alkali, requefted I would analyfe it, and let him know 
what it contained. I found that two ounces of it con- 
tained fix drachms of nitrated fixed vegetable alkali, and 
three of calcareous nirre. The nitre firft appears in fmall 
whitilh filaments as line as cob- web, which, when they 
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get a little larger, drop off; ib that they never acquire 
fuincicnt growth to diftinguilh their figure to a naked 
eye. On finding that they contained fixed vegetable 
alkali, I concluded that it proceeded from minute ve- 
getation ; but in this I was miftaken ; for I found that 
they were foluble in water, and that they detonated 
with charcoal at every ftage of their growth. Having 
fwept this faline tfliorefcence from the wall, I dug 
deep into it, but could not obtain nitre from it. When 
a part had been whitc-wafhed, it yielded nitre, hue 
not fo abundantly as a neighbouring fpot which had not 
been treated in the fame manner. Hence it is evident, 
that nitrous acid may be formed without the afliftance 
of putrefcent procefles in a ftill damp air, where 
there is a fubftance to attract it when half formed, 
whereby it is in time brought to perfection. The above 
fads moreover prove, that fixed vegetable ajkali is x 
compound." 

IV. Marine Acid. 



acid. 
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Mr Higgins informs us, that he has, with a view Unfuccefi- 
to decompose fea-falt, mixed it with manganefe in va- ^ at " 
rious proportions, and expofed them in a reverberating tern P ts t0 
furnace in a well clofed crucible for three hours, to a|, e jT 
heat nearly fufficient to melt caft iron. In the fame man- 
ner he treated manganefe, fait, and charcoal, as well as 
clay, fait, and charcoal, and fait and clay alone, with very 
little fuccefs. He treated calcined bones, fait, and char- 
coal, and calcined bones and fait, as well as lime and 
fait, in the fame manner, without effecting any appa- 
rent change in the fait. He was informed, however, by 
Mr Robertfon, apothecary in Bifhopsgate-ftreet, that 
he had partially alkalized it, by expofing it with clay 
to a fierce heat; but that foon after it got into con- 
tact with air, it became neutral again. " If common 
fait and litharge be fufed (fays Mr Higgins), it is in 
part decompofed ; the acid fuffers no decompofition, 
but unites with the lead ; whereby it acquires, when 
the faline matter is wafhed away, a yellow colour. It is 
evident (adds he) from thefe facts, that the bafis of 
marine acid is a combuftible body, and quite different 
from light inflammable air, charcoal, or any known 
inflammable fubftance; and that it attracts dephlogif- 
ticated air with greater force than any fubftance hi- 
therto difcovered. Though charcoal will decompofe 
all other acids, except a few, when united to bodies 
which will fix them until they acquire a fufficient degree 
of heat, yet it has no effect upon marine acid." 

According to Fourcroy, if alkaline air be confined 
by mercury, and dephlogifticated marine acid air be 
added to it (which muft be done quickly, as the acid 
air would diflblve the mercury), each bubble produces 
a flight detonation, and furnifhes a very amufing fpec- 
tacle. 1480 

Though in Britain the diftillation of the fpirit of Method of 
fait with clay has long been entirely laid aiide for the di ^. ihI1 S 
procefs with oil of vitriol, yet it is ftill practifed in [ p ! nt 'f, 
other countries, and may be effected in the following i a y Wlt 
manner: Having previously decrepitated the fait, and 
dried the clay, they are then to be ground, mixed, and 
fiftcd together. The mixture is next te be worked 
with a fpatula, and then with the hands, until it is 
brought into a moderately ftiff and uniform mafs. 
D d This 
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•c This i:-. to be divided into balls about tlic lizc of a pi- 
thai they can pal's through the neck of 

~" ' tiic retort , but before they are put into the diltilling 
■per to dry them thoroughly. The re- 
nin ft be ware, and carefully coat* 

r to prevent them from breaking with the intcnle 
heat to which they arc expofed. T nev alc t0 l)C nlle d 

•thirdl full of materials, and the diftillation mult 

be performed in a rcverberatory furnace. The 

receiver at fir ft is not luted on, becaufe that which 

m the beginning of the dittillation, being very a- 

to be put by itfelf. When this has come 

, another receiver is then to be applied, and ce- 

ted with fat hue, and covered with a cloth daubed 
with a mixture of lime and the whites of eggs. The 
heat is to be raifed until the retort is red-hot, and con- 
tinued in this decree until the diftillation ceafes. 

Various proportions of clay and fait have been re- 
commended for this procefs ; but it feems probable 
that not lefs than ten parts of clay to one of fait, as 
Pott has directed, will be found neceflary. InlLad of 
the clay, fome direct the ufe of bole; but this is in- 
convenient on account of the iron it contains. Pow- 
dered talc has alfo been recommended, but this is not 
always free from iron; and where a very pure fpint is 
wanted, there is a nccellity for having recourfc to oil 
of vitriol, and glafs or ltone-ware vcil'els. As the 
marine acid cannot be Separated from the earthy mix- 
tures abovementioned, but by means of moifture, 
M. Beanme advifes'to moiften the refiduum, and 
reps at the diftillation, by which more acid will be 
14 8( obtained. 
Effcel of As the marine acid has very little action upon phlo- 

mrineacitl giftic matters, it cannot therefore affect oils, either cx- 
!' ,,1 "• pro fled or effential, in a manner limilar to the vitriolic 
l8t " or mirous. INI. Marges, however, has oblcrvcd yellow 

.lis refcmbling amber formed in bottles, containing 
a mixture of oils and marine acid of moderate ftrcngth, 
which hail ftood for feveral months. The little effect. 
which the marine acid has upon thefe fubltances was 
lint ftippofed to be owing to its want of phlogifton in 
itfelf j but when it was afterwards found, that, by 
the application of certain fubltances which have a great 
attraction for phlogifton, the marine acid was render- 
_d capable of uniting very readily with inflammable 
matters, the former theory was abandoned. It was now 
afTerted, that the acid, inftcad of containing no phlo- 
gifton, was naturally endowed with a very cor.fiderable 
quantity; and that, in its new ftate, it was dephlo- 
gilticated by the fubltances applied. On the other 
hand, the antiphlogiftians affcrted, that no change was 
rhus made upon it, farther than adding a quantity of 
pure air, which they fuppofe to be the bafis of all a- 
cids. On this fubject, however, M. Cornette main- 
tains, that the marine acid feems to have fo little ac- 
tion upon inflammable fubftanccs, merely becaufc it is 
r.caker than the reft ; and likewife that it is often 
previoufly combined with fome inflammable matter, 
. uraclion is prevented. He maintains, 
that if the marine acid be concentrated in fuch 
-.nner as to render its fpecilic gravity to that 
«>f water as 19 to 16, it will then act upon oils with 
heat a-nd eftervefcence, reducing them to a black and 

k fubflance, and even burning them to a kind of 
i have been made by Mr HafTe, 
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with a view to investigate the action of die marine 
and vitriolic acids upon balfams and oils ; for which 
purpofc he mixed two drachms of fmoking fpirit of 
fait with one of each of the oily fubltances to be tried. 
tin refults were, that Canada balfam gained one 
fcruple in weight; balfam of capivi 19 grains; fto- 
rax, and Venice turpentine, each one fcruple; afphal- 
tum 18 grains; but the effential oils of anife-feed, 
benzoin, bergamot, coriander, and many others, were 
not altered in any degree. The action of this acid 
upon inflammable matters, however, is augmented by 
its being reduced into the form of air. 

Gmelin relates, that, by di (tilling a mixture of five 
parts of fait, twelve of fpirit of wine, and four of vi- 
triolic acid, to which he had previoufly added one or 
two parts of water, he obtained a completely dulcified 
fpirit of fait, and an imperfectly dulcified fpirit of vitri- 
ol, upon rectifying the liquor. 

Hombcrg found, that glafs was corroded by the 
marine acid : and his obfervation has been confirmed 
by Dr Pritftlcy ; who finds that its corrofive pow- 
er is augmented by confining the acid in tubes hermeti- 
cally lealed. Its power is exerted not only on ftint- 
glafs, but even on common green glafs ; though more 
powerfully on the former, where it chiefly attacks the 
red -lead uled in its compolition. By inclofing marine 
acid gas for fome weeks in a glafs tube expofed to hear, 
an incruftation was formed on the infide, while the 
air was diminifhed to ^ of its original bulk, one half of 
which was abforbed by water ; the other was phlo- 
giflicated air. 

The marine acid is generally met with of a yellow 
or reddilh colour, which by Macquer is given as one of 
its characterise marks. In general, however, this 
colour is thought to proceed from iron; but Dr Prieft- 
ley has found that it may be produced by many different 
fubltances; and his observations have been confirmed 
by Schcele and other chemifts. The Doctor is of opi- 
nion that it is occalioned for the moft part, if not al- 
ways, by a mixture of earth ; and he was able to com- 
municate it by means of calcined oyftcr-fhells, calcined 
magneiia, pipe-clay, or pounded glafs ; but not by 
wood-afhes, firm whence the air had been expelled by 
heat. It was effectually difcharged by flowers of zinc, 
a coal of cream of tartar, and by liver of fulphur ; but 
he found that the colour which had been difcharged by 
liver of fulphur, would return by mere expofure of 
the aeid to the atmofphere, but not that which had 
been difcharged by flow ers of zinc. 

Depkhgiflicated fpirit of fait. 

When the action of this vapour upon any thing is 
to be examined, the fubftance mult be put into a bottle 
in fiich a manner as to remain in contact witli it ; or 
it may be put into a glafs tube, which is fufpended and 
fixed to the Hopper, and thus introduced into the 
bottle. — From its property of deftroying all vegetable 
coloars, it promifes to be of very confiderable ufe in the 
arts, provided it c< uld be had in fuflicient quantity, 
and cheap. It bleaches yellow wax, and when proper- 
ly applied to linen, will whiten it Sufficiently, and with 
out inpirv in a few hours. This may be effected by 
fteeping the linen for that fpace of time in water iin- 
' with the. dephlogifticated marine gas. It 
Luitts with this fluid rather more calily than fixed air. 

Ber- 
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Berthollet, in order to impregnate water with it with- 
out expofing the operator to the fume, which is ex- 
tremely difagreeable, put the mixture of marine acid 
and Hjanganefe into a retort. To this he applied firft 
an empty bottle, and then fcveral others filled with wa- 
ter, and communicating with each other by means of 
bent tubes ; furrounding the whole with ice. When 
the water in the bottles was faturated, the gas became 
concrete, and fell to the bottom ; but with the lmalleit 
heat it arofe to the top in bubbles. The fpecific gra- 
vity of the faturated water was to that of diflilled wa- 
er, when the thermometer was only five degrees above 
the freezing point, as 1003 to 1000. This impreg- 
nated water is not acid, but has an auftere tafte, and 
has the fame action as the gas, though in a weaker de- 
gree. Mr Berthollet has obferved, that the addition 
of alkalies does not prevent, but rather promotes, the 
difcharge of colours ; for which reafon he directs to 
add a fixed alkali to the impregnated water in which 
linen is to be fleeped for bleaching. This is the ex- 
peditious method hinted at under the article Bleach- 
ing ; but which has not hitherto come into ufe, prin- 
cipally through the high price of the dephlogifticated 
gas. 

The dephlogifticated marine acid does not difcharge 
all colours with equal eafe. Thofe of litmus and fyrnp 
of violets are entirely destroyed, and turned white. 
The colouring matter of Brazil-wood, and fome green 
parts of plants, retain a yellow tint. The leaves of 
evergreen plants refill its action for a long time, and at 
laft only acquire the yellow colour which they ailurne 
by long expofure to the air ; and in general the changes 
of colour which vegetable matters fuffer from this gas, 
are fimilar to thofe which take place on long expofure 
to the air ; and by this operation the gas is converted 
into common marine acid. 

Oils and animal fats are thickened by this gas; and 
by thefe and other inflammable fubftances it is reduced 
• to the ftate of common marine acid. Light is faid to 
produce the fame effect. It unites with fixed alkalies 
and calcareous earths, but without any fenfible effer- 
vefcence ; and thus they lofe their peculiar tafte and 
colour. M. Berthollet having boiled in a retort, to 
which a pneumatic apparatus was affixed, fome of the 
dephlogifticated marine acid liquor with mineral alka- 
li, thus obtained a confiderable quantity of elaftic 
fluid, compofed partly of fixed air, partly of the air 
contained in the veffels, and partly of air confiderably 
purer than that of the atmofphere. The refult of the 
combination was common fair. On repeating the ex- 
periment whh lime, no fixed air was obtained ; but 
that which came over became gradually more and more 
dephlogifticated. Volatile alkali, even when cauftic, 
occafioned an effervefcence, and emitted a peculiar 
kind of air, which was neither fixed nor dephlogiltica- 
t<ed, but of a peculiar kind. 

Green vitriol is changed to a red by the dephlogifti- 
cated gas, but the colour of blue and white vitriol is 
not affected. By the affiftance of light, it acts upon 
phofp horns, and the refult is phofphoric and common 
marine acids. It does not diflblve ice nor cam- 
phor; in which refpects it differs from the common 
marine acid gas. 

On mixing marine acid, manganefe, and fpirit of 
wine, and diftilling them with a very gentle heat, little 



S T R Y. 211 

air of any kind is produced, but a quantity of ethereal Aqua- - 

liquor very llightly acid. The proportion ufed by re e n - ^ 

Pelletier were an ounce and a half of manganefe, five 
ounces of concentrated marine acid, and three ounces 
of fpirit of wine. " In this procefs (fays Mr Kier), 
the whole of the dephlogifticated acid feeuis to have 
united with the fpirit of wine, and to have formed 
ether. The difficulty of combining marine acid with 
fpirit of wine, fo as to form an ether, is well known, 
and though there have been fome approximations to it, 
yet the only inftances in which it has been completely 
effected, have fucceeded in confequence of the marine 
acid being dephlogifticated ; by which its action on 
fpirit of wine, as well as on all inflammable matters, is 
greatly increafed." 

M. Pelletier has obferved, that when we put a bit of 
phofphorus into dephlogifticated marine gas, the for- 
mer is immediately diflblved, and a light is perceived, 
the vefTel being filled at the fame time with white va- T4 g~ 
pours. He has likewife obferved, that fea-falt, with Method of 
an excefs of pure air, thrown into heated vitriolic a- procuring a 
cid produces a fmall detonation. To make this fait detonating 
in quantity, take, for inftance, ten pounds of fea-falt, ? T °™. 

. * r 1 c 1 r /* tnC UC1C1 III 

mixing it with from three to four pounds of manganefe, quant i tr 
pour on the mixture ten pounds of vitriolic acid, and di- 
ftil with Woulfe's apparatus, Pafs the difengaged 
acid through a folution of fixed vegetable alkali, either 
cauftic or otherwife. A little more than ten ounces of 
the new marine fait with excefs of pure air is obtained, 
and a quantity of fait of Sylvius, or digeftivc fait. 
The fait with excefs of pure air cryftallizes firit, and 
by means of repeated cryftallizations, is entirely difen- 
gaged from the other. 
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1 40U 
This acid, which is named from its property of dif- Various 
folving gold, is compounded of the nitrous and ma- ways of 
rine acids. Gold and platina cannot be diflblved in P re P ann S 
any other menftruum, nor can regulus of antimony and ac l lia " u K ia - 
tin be fo eafily diflblved by any other as aqua-re- 
gia. It may be made various ways. 1. By adding 
the two acids to each other directly. 2. Bydiflblving 
in the nitrous acid fome fait containing marine acid, 
particularly fal ammoniac and common fait. 3. By di- 
ftilling nitrous acid from either of thefe falls. And, 
4. In Dr Prieftley's method of impregnating marine 
acid with nitrous acid vapour. i 4 g 9 

The only difference between thofe liquors prepared Differences 
by the methods abovementioned is, that when fal am- between 
moniac or fea-falt are diflblved in the nitrous acid, the ^ efe acui 
aqua-regia contains a quantity of cubic nitre, or nitrous *° rs ' 
ammoniac, which, tho' it cannot much affect the acid as 
a folvent, may make a confiderable difference in the na- 
ture of the precipitate. Thus, gold precipitated from 
an aqua-regia formed by the pure nitrous and marine 
acids, does not fulminate, though it does fo when 
precipitated from one made with fal ammoniac. There 
are no eftablifhed rules with regard to the proportions 
of nitrous and marine acids, or of nitrous acid and fal 
ammoniac, which ought to be employed for the pre- 
paration of aqua-regia. The common aqua-regia is 
made by diffolving four ounces offal ammoniac in 16 
ounces of nitrous acid; but thefe proportions nuift be 
varied, according to the nature of the intended fblu- 
D d 2 tj on . 
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Ived in the greatcft 
is of 
i| ma* 
c greater the quantity ol ma- 
in the mixture, the Id's arc the iin- 
icularly tin, calcined or precipita- 
ted by it. A mixture of two p.irtb of fpirit of nitre, 
am! o .'iilblvcs nearly an equal weight 

of tin into a dear liquor, without forming any preci- 
pitate : ih is purpofc, the operation mult be 
conduced flowly, and heat avoided as much as pof- 
fible. 

VI. B RAX. 



In a memoir in Crcll's Chemical Annals, by M. 

Tychfon, the author fhews, by different experiments, 

1400 lr >at it WW fomeiimts be purified by folution, filtra- 

McthoJBuf lion, and evaporation only; but that fometimes the 
ng operation is more eafy and cfFc&nal by previous calci- 

borax. nation; but then the product is a little leiiened, efpe- 
cially if the calcined mafs be not well powdered, and 
then boiled futficiently in water. Powder of charcoal, 
lie fays, may be fometimes advantageoufly employed 
in the purification; but in general there is no diffe- 
rence between the crude and purified borax, except 
in the addition of extraneous matters; at leaf!, as 
the quantity of acids is the fame, the addition of mi- 
neral alkali isufelefs: thefc extraneous matters are an 
animal fat, and a fand eompofed of clay, lime, and a 
martial earth. If the oily matter of tana/ be fepa- 
d by palling the lixivium through a ftratum of clay, 
as is fuppofed in the preparation of the cryilals at 
Nontpclier, it would fuggeft a method of greatly a- 
bridging the procefs of the purification of borax. 

VII. Acid oj Borax, or Si dative Salt. 

x 49 x 
Methods of On the preparation of this fait Mr Beaume obferves, 

,n § that a little more acid ought to be added to the borax 
the fed*. t)un w[ut | s j„ft fufficient to faturatc its alkaline ba- 
J' vef3lt fis. Unlefs this be done, the fedative fait remains 
confounded with the other faline matters in the folu- 
tion, and of conference the cr> utilization mull be dis- 
turbed. The fait, though formed in an acidulated li- 
quor, is eaiily deprived of its fuperfluous acid by drain- 
ing upon paper. It does not cryllallize as foon as the 
ftronger acid feparates it from its bafis, even tho' the 
folution of borax had been previoufly made as ftrong as 
poflible; but this delay is occafioned by the heat of 
the liquor ; for as foon as it cools, a confidcrable quan- 
tiy ofcryftals is formed. 

The acid of borax does not fall into powder when 
expofed to the air, but rather attrafts a little moilture 
terrier- from it. Its tafte is at firft fo.newhat fouriQi, then 
tJ. cooling and bitterilh ; and laftly, it leaves an agreeable 

fweetnefs on the tongue. It makes a creaking found, 
and feels a little rough between the teeth ; and when 
vitriolic acid is poured upon it, exhales a tranfient o- 
dour of muflc. It is foluble, according to fome che- 
miils in the proportion of one to 20 in cold water, or of 
one to eight in boiling water. Wenzel informs us, 
that 960 grains of boiling water dirtolve 434 of the 
fait; while, on the other hand, Morveau aliens, that 
he could ditfulvc no more than 183 grains in a pound 



ofdiftillcd water. Roufs informs us, that fixed lil 
prevents the folution of the fait in water, and Morveau, !"- li a, ; d 

its folubility is much augmented by cream ot tar- 
tar. When prevtouflj made red hot, it diuolves in wa- '.'" \" r 
tcr with a fine 11 ot fafiron, and a guy powder ol an 
earthy appearance is precipitated, which is foluble in 
vitriolic and marine acids, and rsay be again precipita- 
ted in the form ol fedative lalt. 

Phlogifhcatcd alkali makes no change on fedative 
fait in folution; but paper dipped in a folution ot it in 
vinegar, and afterwards dried, burns with a green 
flame. It is capable of vitrification, though mixed 
with fine powder of charcoal ; and with foot unites in- 
to a black mafs like bitumen; which, however, is eaii- 
ly foluble in water, and can fcarce be reduced to 
allies, but partly fublimcs. By the afliltance of heat 
it diflolvesin oils, efpccially thofe of the mineral kind ; 
and with thefc it yields folid and fluid compounds, 
which gives a green colour to fpirit of wine. Rubbed 
wi;h phofphorus it does not prevent its inflammation ; 
but a yellow earthy matter is left behind. It feems al- 
io to give to white and red arfenic a great degree of 
fixity, fo as even to become vitrefcible in the fire; and 
this property it communicates alio to cinnabar. When 
mixed and heated with powder of charcoal, it forms no 
liver of fulphur. 

Sedative Salt combined, 

1. With volatile alkali. The produce of this is a pe- 
culiar ammoniacal (alt, which dors not evaporate when 
thrown on burning coals, 01 otherwife intenfely heated, 
bat melts into glafs of a grryith colour, but tranfpa- 
rent, which cracks when expofed to the air; and, on 
dillblution in water, fhoots into fmall cryflals, which 
appear to have loll none of their alkaline balls. It may 
be decompufed by the acetons as well as the mineral 
acuN, and by fixed alkalies and lime. 

2. With magnsjia this acid fhoots into irregular cry- 
flalline grains foluble in vinegar and acid of ants; in 
which liquids they cryftallize like fmall needles joined 
together at right angles. They are decompofed by all 
other acids, and likewife by fpirit ol wine. In the 
fire, however, they melt cafily without any decompofi- 
tion ; and in the dry way fedative fait decomposes all 
the earthy falts formed by magnefia and any of the vo- 
latile acids. 

3. With pure earth of alum, fedative fait forms a fait 
very difficult of folution, when one part of earth is 
ground with four times its weight of fedative fait and 
water. The fame kind of earth, mixed with half its 
weight of fedative fair, forms a hard grey mafs, rcfem- 
bling pumice flone ; part of which is foluble in water, 
and yields a mealy fediment, together with fome fe- 
dative fait unchanged. 

4. With filiceous earth the fedative fait does not unite 
in the moilt way; but, on melting one part of acid 
with two of this earth, wt obtain a frothy, hard, grey- 
ilh-white mafs, from which, however, the acid may be 
again procureJ. 

5. Cold is not acted upon in the wet way by acid of 
borax; ncverthelefs Roufs obferved, that when fedative 
fait was melted with gold-leaf, it did not vitrify, but 
became frothy and hard, did not colour the flame of 
fpirit of wine, and only a litlie of it was foluble in 
water in which fedative fait had been cryftallized. 

A 
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Acid of A folution of borax in which fedative fait was diffolved, 
borax and did not precipitate gold. 

its combi- 6. Platina is not precipitated from aqua-regia by fe- 
nations. dalive falt# 

7. Silver is not affected by melting with an equal 
quantity of fedative fait; but the latter is vitri- 
fied in fuch a manner as to become infoluble in 
water. 

8. Mercury is not diffolved either in the dry or wet 
way; but a folution of borax faturated with feda- 
tive fait precipitates it in a yellow powder from nitrous 
acid. 

9. With copper. On this metal fedative fait acts but 
weakly, even when the folution is boiling hot ; ne- 
verthelefs, as much of the metal is diffolved, as gives 
a little white precipitate on the addition of fixed 
alkali ; but volatile alkali does not throw down a 
blue precipitate, nor turn the folution of that co- 
lour. The. folution of borax precipitates all folutions 
of copper in acids, and then the fedative fait unites 
with the copper in form of a light green jelly, which, 
after drying, is of very difficult folution in water. 
Bergman fays, itisof an agreeable green colour, which 
it preferves after being dried; and that, when expofed 
to the fire, it melts into a dark-red vitreous fubftance. 
"Wenzel afferts, that by long continued trituration of 
copper filings with fedative fait he obtained a folution 
of the metal, which yielded cryftals on being evaporat- 
ed. With twice its weight of copper in a covered cru- 
cible, an infoluble vitreous mafs was obtained. 

10. Tin is not apparently acted upon by boiling with 
fedative fait; neverthelefs, the folution becomes turbid 
on the addition of an alkali. By melting the calx 
with half its weight of fedative fait, we obtain a black 
mafs like the dark coloured tin ore. By rubbing for 
a long time filings of tin with fedative fait and water, 
and afterwards digefting the mixture with heat for one 
day, an hard, fandy, and irregularly fhaped fait was 
obtained, which, by diffolution in water, yielded 
tranfparent, white, polygonous cryftals; and a fait of 
of the fame kind was obtained from the (lag produ- 
ced by melting equal parts of fedative fait and tin 
filings. 

tt. Lead is not acted upon directly; but, on adding 
a folution of borax to folutions of the metal in vitriolic, 
nitrous, marine, or acetous acids, the fedative fait unites 
with the lead. One part of fedative fait with two of 
minium gives a fine, greenifh-yellow, tranfparent, and 
infoluble glafs. 

12. With iron. The acid of borax diffolves this 
metal more eafily than any other. The folution is amber- 
coloured, and yields an ochry fediment, with clufters of 
yellow cryftals containing a little iron. The metal is 
precipitated by borax from its folutions in vitriolic ni- 
trous, marine, and acetous acids, and the precipitates 
are foluble in fedative fait. A folution of iron may 
alfo be obtained by melting this fait with iron filings, 
and lixiviating the mafs. 

13. Zinc communicates a milky colour by digeftion 
with folution of fedative fait. By evaporation it affords 
a confufed faline mafs, and a white earthy powder by 
precipitation with alkali. Flowers of zinc, melted 
with fedative fait, form a light green infoluble flag. 

14. Bifmuth, in its metallic ftate, is not acted upon by 
fedative fait, but is precipitated by borax from a mix- 



ture of vitriolic and marine acids, in form of a very 
white powder, which keeps its colour when expofed 
to air, and melts in the fire to a white, tranfparent, and 
permanent glafs. 

15. Regains cf antimony is not acted upon directly, 
but its calx is diffolved when precipitated by borax 
irom a folution in aqua-regia. 

16. White arfenic unites with fedative fait either in 
the dry or mcift way, and forms a cryftallizable com- 
pound, forming either pointed ramifications, or white, 
greyim,and yellowifh faline powder. 

1 7. On regains of cobalt the acid has no direct action ; 
but borax precipitates it from its folution, and the 
calx melts with the fait into a flag of a bluiih-grey 
colour; and this, by lixiviation and evaporation, affords 
a fedative fait impregnated with cobalt, of a reddifh 
white colour, and of a ramified form. 

18. Nickel is precipitated from its folution, and the 
fedative fait unites with it into a faline fubftance diffi- 
cult of folution. 

A variety of opinions have been formed concerning 
the nature of fedative fait. M. Beaume and M. Ca- 
det particularly have made a great number of experi- 
ments on the fubject; but as none of thefe have led to 
any certain conclufion, we forbear to mention them at 
prefent. Thofe of Me firs Exfchaquet and Struve have 
indeed eftablilhed fome kind of relation between the 
acids of borax and phofphorus, and they have made 
feveral attempts to analize the former, but with little 
fuccefs. The molt remarkable of thefe experiments 
are the following. 1. They diftilled, with a flrong 
heat, two parts of phofphoric acid evaporated to the 
confidence of honey, one of fedative fait, and two of 
water. Towards the end of the diftillation a very 
acid liquor was obtained ; and the refiduum was a 
white earth, in quantity above three-fourths of the fe- 
dative fait employed, and which, on examination, was 
found to be the filiceous earth ; the liquor which paf- 
fed over into the receiver being found to be the vo- 
latile phofphoric acid. If, in this experiment, too 
much phofphoric acid be added, a greafy matter re- 
mains; and, if too little, apart of the fedative fait 
will remain undecompofed. In their attempts to com- 
pofe borax, they combined phofphoric acid with mi- 
neral alkali, the refult of which was a compound re- 
fembling borax in many refpects. When expofed to 
the fire it melts into a very fufible glafs, which has a 
mild tafte, and fcems neutral, but on expofure to 
the air, becomes moid and acid. On being faturated 
with alkali a fecond time and vitrified, it again deli- 
quefces and becomes acid ; and the more frequently 
this operation is repeated, the greater is the refem- 
blance it bears to borax. In this experiment they fup- 
pofed that the alkali was decomposed, and converted 
into an earth fimilar to that of fedative fait. 

With earthy fubftances the refults were very re- 
markable. With earth of alum a cryftallizable fait 
was obtained, which made paper burn with a green 
flame. Fixed alkali added to a folution of this fait 
precipitates an earth, and the fait then formed by 
cryftallization refembles borax in feveral properties.—. 
In the dry way the earth of alum, with the phofpho- 
ric acid, melts into a glafs of the fame fufibility as 
that of borax, and like it is fix^d in the fire. The 
folution of this glafs did not cryftallize. Common 
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vhich communicate a green colour to 
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acid iiiic, hard, Qiining glafs, like the belt 

cryftal, but fuliblc as the glafs of borax, ami which 

unicd flexible alter it had ceafed to he red-hot. 

paxta of gypfum, with one of phofphoric acid, 

gave a mjlk white glafs fit for foldering metals and 

enaire . In ;l:i it experiments, however, it muff 

be remembered, that unlcls the heat be railed very 

quickly, the phofphoric acid will be evaporated before 

any fuliou takes place. 

VIII, j4lld of Amber. 

It was known to Agricola, that a particular kind 
.It could be obtained from amber by diftillation ; 
but neither lie, nor any fuccecding chemifl for fome 
time afecrtained its acid properties. On the contrary, 
fome erred fofaras to imagine that it was a volatile al- 
kali ; but, about the beginning of the prefent century, 
its acidity began to be generally acknowledged. This 
property indeed difcovcra itfclfby the tallc, which is 
manifefUy acid and empyreamatic, along with the pe- 
culur flavour of amber. According to Schccle, alio, 
the aqueous lluid which pa lies over in the diftillation of 
amber, is an acid refembling vinegar both in tallc and 
chemical properties ; and which of confequence ought 
not to be confounded with the true acid of amber, 
t-}l?4 which manifcils qualities of a very different kind. 
Meti: The properties of fait of amber can hardly be in- 

of purify- veftigatcd until it has been purified; for which, of 
ing the (alt confequence, various methods have been piopofed. 
of amber. p> ott rc - comil icnds cryftallization, after having filtered 
the folution through cott'on-wool, in order to retain 
the oil. Carthcufer attempts the purification by dif- 
folving the impure fait in fpirit of wine, then diluting 
with fix times its quantity of water, and cryftallizing 
the fall. Others recommend fublimation with com- 
mon fait or land, and Bergman with pure clay. 

The fait of amber diilblves, by the alliflance of heat, 
in nitrous and marine acids, and in the vitriolic with- 
out heat. In none of thefe combinations, however, 
-it either alter the ditlblving acids, or fuffer any 
alteration itfelf, except that it becomes whiter ; with 
nitre it detonates and flies off; and if the quantity of 
fak of amber has been greater than that of nitre, the 
latter is alkalized. S:ockar informs us, that it expels 
the marine acid from fal ammoniac, and fublimes be- 
fore that fait ; with which it does not form any union. 
When fublimcd from common fait, it does not alter the 
latter in any other refpect than givingit a darker colour. 
It precipitates calcareous earth from its folution in vine- 

fand it decompofes fugarof lead ; but the precipitate 
iffcrs from plumbum coruciim. It does not prevent 
the folution of lead in the acids of fea-falt and nitre ; nor 
docs it produce any fnlphureous fin ell by calcination 
with charcoal. Hence it appears that it is neither a 
vitriolic, nitrous, nor marine acid ; and M. Bourde- 
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• ift h .ve been miflaken, when he affirms. id of 

nation of tbia fall with nitre, he obtained aamberwd 
refiduum, which tailed like common fait, decrepita- 
ted in the fire, yielded cryltals of a cubical form, pre- !''""""'' , 
cipitated filver and mercury from the nitrous acid ; and 
thence concluded that it was the fame with acid of 
fea-falt. It is very dear, as only about half an ounce 
can be obtained from a pound of amber. 

Acid of Amber combined, 

i. With fixed vegetable alkali. By faturating fait of 
amber with the fixed vegetable alkali, and then llow- 
ly evaporating the folution, we obtain, according to 
Wenzel, a light deliquclccnt falineniais; but, accord- 
ing to Stockar, whole experiments arc confirmed by 
thole of Mr Keir, the folution abovementioned affords 
fhining white tranfparcnt cryltals of a triangular prif- 
matic figure, with the terminating points truncated. 
Thefe cryltals readily diffolve in water, deliquelce in 
the air, and have a peculiarly bitter faline talte. In 
the fire they decrepitate, melt, and remain neutral; 
though Wenzel has obferved, that with an intenfe 
heat they are decompofed and become alkaline. Thefe 
cryllals do not change aquafortis into aqua-regia; and 
though they precipitate both the folutionsof lead and 
filver, the precipitates are neither plumbum corneum 
nor luna cornea. 

2. H'tti) Mineral alkali. This combination produ- 
ces long three-tided columnar cryltals, intermixed 
with fome that are foliated. Thefe. cryllals do not de- 
liquelce in the air, and have a faline, bitter, and fmoky 
tallc. They are lefs foluble than common fait, and 
melt with more difficulty than nitre. They do not 
become alkaline on burning coals, and, in their other 
properties, refemble the former. 

3. With volatile alkali. This fait (hoots intoacicular 
cryltals, having a (harp, faline, bitter, and cooling 
talte; when heated in a filver fpoon, they melt and 
evaporate entirely ; in clofe vcfTels they fublime. They 
do not precipitate folution of filver, nor change fpirit 
of nitre into aqua-regis. A powerful antifpafmodic 
remedy is prepared from rectified fpirit of hartihorn 
and fait of amber. 

4. With lime. This flioots into oblong pointed cry- 
ltals, which do not deliquefce in the air, and are fo- 
luble with difficulty even in boiling water ; nor, ac- 
cording to Mr Stockar de Neuforn, can they be de- 
compofed by diftillation either with acetous or marine 
acids. They detonate by diftillation with nitrous acid; 
and are decompofed, either in the moift or dry way 
by the vitriolic. When mixed with common fal am- 
moniac in the dry way, they fuffer a decompofuion ; 
the fuccinated ammoniacal fait flying off" and the com- 
bination of marine acid with lime remaining behind. 

5. With viagnefia. This yields a white, gummy, 
frothy, faline mafs, which acquires a y«llowifh colour 
when dried by the fire; and, when cool, deliquatcs 
in the air. It is decompofed by alkalies and lime, as 
well as by the vitriolic acid. 

6. With clay. By uniting the acid of amber with 
an edulcorated precipitate of alum with vegetable al- 
kali, Wenzel obtained prifmatic cryltals, which could 
not be decompofed by alkalies. 

7. With [ilver. The acid of amber has no effect on 
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Acid of filver in its metallic flatc ; but with its precipitate 
amber and forms thin oblong cryftals, radiated and accumulated 
upon one another, from which the lilver may be fepa- 
rated by alkalies, by quickfilver, and by copper. 

8. With copper. By a long digeftion of copper with 
acid of amber a green folution is obtained, which by 
mixture with common fait is rendered turbid, by vitri- 
olic acid white, and lets fall a green precipitate on the 
addition of fixed alkali. Wenzel, however, could not 
obtain this precipitation by alkalies. His folution 
yielded groups of green cryftals, gave a cruft of cop- 
per to zinc, and was precipitated by liver of fulphur. 

9. With iron. Wenzel diffolved a precipitate of this 
metal in acid of amber, and from the folution obtain- 
ed fmall, brown, tranfparent, and ftellated cryftals. 
Zinc precipitated the metal, but not alkalies. From 
a flightly coloured folution of metallic iron, Pott ob- 
tained, by means of alkali, a white precipitate, which 
foon became yellow, and at length green, by pouring 
water upon it. 

10. With tin. Acid of amber diffolves tin when 
precipitated by a fixed alkali ; and the folution yields 
thin, broad, and foliated tranfparent cryftals. Alka- 
lies throw down but little from this folution ; liver of 
fulphur more ; and lead, iron, or zinc, nothing. 

11. With lead. Acid of amber whitens the furface 
of lead in its metallic ftate, but does not diifolve it ; 
neither can lead be precipitated from its folutions in 
nitrous and marine acids by fait of amber, though this 
is denied by Pott. According to Stockar, however, 
it forms a white precipitate with fngar of lead. This 
metal precipitated by an alkali, and dillblved in acid 
of amber, forms long foliated cryftals lying upon one 
another ; from the folution of which the lead may be 
precipitated by alkalies in the form of a grey powder, 
and by zinc in its metallic ftate. 

12. Zinc, in its metallic ftate, is readily diffolved by 
the acid of amber ; aad by a combination with the 
precipitate formed by fixed alkali, we obtain long, 
(lender, foliated cryftals, lying upon one another. The 
folution lets fall a white precipitate on the addition of 
fixed alkali ; but this is denied by Stockar, who fays 
that volatile alkali produces a red precipitate. 

13. Bifmuth. By means of heat, Stockar obtained 
a folution of this femimctal in acid of amber, which 
was decompofed by alkalies. Wenzel obtained, from 
a precipitate of bifmuth prepared by means of fixed 
alkali, fmall, (lender, foliated, and yellow cryftals; 
which alkalies cannot decompofe, though black pre- 
cipitates are thrown down by lead and zinc. 

14. Regulus of antimony. Little or none of this fe- 
mimetal, in its reguline form, is diffolved in the acid 
of amber ; but it attacks the precipitate made with 
fixed alkali. This folution is very copioufly precipi- 
tated by liver of fulphur, but not by alkalies. 

The combinations of this acid with gold, platina, 
nickel, arfenic, andmanganefe, have either been found 
impracticable, or not yet attempted ; all thofe above 
described are non-deliquefcent, and part with their 
acid when expofed to the fire. The elective attractions 
of this acid, according to Bergman, arefingular, as it 
adheres more ftrongly, not only to terra ponderofa and 
lime, but to magnefia, than to fixed alkali. 

On the origin of fait of amber, Mr Keir remarks, 
that e< it deferves to be confidered as a pure and dt- 



ftincT. acid. No proofs have been adduced of its being Acid ef 
a modification either of the marine or vegetable acids; aniber and 
as Mr Cornette and M. Hermbftadt have fuppofed. 1( ' " m '"" 
The former, having diftilled fpirit of fait with oil of . a lu ^ s " , 
lavender, obtained an acid which fmelled like fait of I4 ^ 
amber, but on examination was found to retain the On the na- 
properties of the muriatic acid. He alfo relates, that, ture of the 
when purifying a conliderable quantity of the fait of aC1 ^ °f aiIi " 
amber which he had prepared himfelf, fome fea-falt 
was feparated, which in the diftillationhad arifen along 
with it. But this obfervation cannot be juftly applied 
to (how any refemblance betwixt thefe two, any more 
than the fmell in the former cafe could (how an analo- 
gy betwixt it and oil of lavender. This mixture of 
fea-falt with acid of amber, however, may readily ex- 
plain the miftake of M. Bourdelin already mentioned. 
M. Weftrumb and M. Hermbftadt have both laboured 
in vain to convert the acid of amber into acids o( fu- 
gar and tartar by frequent dift illations with fpirit of 
nitre ; and their want of fuccefs confirms the account 
already given, that the acids of nitre and amber have 
no action upon each other, farther than that the for- 
mer is phlogifticated or changed into red fumes, and 
the latter becomes whiter. Neverthelefs, if Mr Seheele's 
obfervation of the identity of the acid liquor, which 
comes over in the diftillation of amber with acetous 
acid, holds good, we (hall have the beft reafon yet 
given to afcribe the origin of this acid to the vegetable 
kingdom ; and when we confider the very different 
properties that are affiimed by the vegetable acids, 
which, however, are convertible into one another, 
no reafon can be drawn from the diverfity of its pro- 
perties with thofe of other vegetable acids, againft its 
having a common origin with them. Indeed the na- 
tural hiftory of amber, its fimilarity to gums and re- 
fills, and its involved infects, afford other arguments in 
favour of the opinion. 
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M. Berthollet remarks upon Mr Seheele's pro- M. Pelle- 
cefs, that during the operation a great quantity of tier's ihe- 
dephlogifticated air is expelled from the acid. M. tllod of 
Pelletier has found anoiher method of procuring the P rocurin g 
arfenical acid. He mixes common white arfenic with f ar ^ in * 
nitrous ammoniac, and diftils the mixture. At firft 
phlogifticated nitrous acid paffes over, then the vola- 
tile alkali, and laftly the arfenical acid remains in the 
retort in form of a vitreous mafs, which deliquefces 
into a very denfe acid liquor, reddening fyrup of vio- 
lets, and effervefcing with alkalies. Mr Macquer had 
formerly defcribed this procefs, and obferved, that the 
nitrous acid pafles over firft, and then the volatile al- 
kali ; but was of opinion that the refiduum was no- 
thing but arfenic. He mentions a detonation which 
took place in his experiment; but nothing of this kind 
was obferved by M. Pelletier: he only informs us, 
that the nitrons acid was driven over with great vio- 
lence, while that of arfenic united with the volatile al- 
kali. M. Berthollet, who has endeavoured to afcer- 
tain the weight gained by the converfion of fulphur, 
phefphorus, and arfenic, into acids, determines that 
of arfenic to be about one-ninth of the whole. At the 
fame time he obferves, that this additional weight does 
not difcover the whole weight of the air contained in 
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the arfenic, as ii had that necciiary to convert ii 
* to an acid 

be other hand, 
that )\uc arfenic is phi . 1 tliat 

ed into acid merely oy bring depri- 
ved i. Thus the fath related by thefe 
celebrated chemifts differ cnormoufly from one 
another; M. Bcrthollct thai tiu : arfenic £<7/*j 
a ninth of its original weight in the procefsof acidi- 
fication ; and M. Bergman, that it fofts a fifth part of 
the fame. M. Bcrtholl( l ( ndcavoars to reconcile this, 
by foppofing that Bergnian had employed marine acid 
for the preparation of his arfenical acid, which is well 
.\ n to cary off with it fome part of mod of thofe 
fubftanccs with which it is capable of combining ; and 
to this he attributes the lols of weight in Bergman's 
procefs. 



IX. Acid of Molvbdjesa. 
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M. l'cl'.e- The opinion of M. Bergman concerning the metal- 
tx r c - lie nature of the acid of molybdaena has obtained fome 

nments. confirmation from the experiments of M. Pellttier. 
He was not able indeed to obtain any regulus ; bat by 
means of oil alone he procured, by two hours vehe- 
ment beat, a fubftancc llightly agglutinated with a 
metallic lutlrc, containing lmall round grains of a grey 
metallic colour, very viable by the help of a magnifier. 
Thefe he foppofcs to have been a true regulus of mo- 
lvbdaena ; which he found to pofl'efs the following pro- 
perties. I. It is calcinablc by fire into white calx. 
2. It detonates with nitre, and the refnluum is a calx 
of molybdaena united with the alkali of the nitre. 3. It 
is converted into a white calx by means of nitrous 
acid. 4. It yields inflammable air when treated with 
alkalies in the dry way, and forms peculiar compounds 
with them. 4. It forms regenerated molybdaena with 
fulphur. 6. It unites, and forms peculiar fubftanccs 
with metals. By uniting it with filver, iron, and 
copper, we hive friable regulinc maflcs ; and refractory 
powders with lead and tin. 

Our author, in conference of his experiments, con- 
fiders molybdaena as a metallic fubftance mineralized 
by fulphur ; and the earth called the acid of molyb- 
daena as a calx much dephlogifticatcd, which has re- 
tained part of the air contained in the nitrous acid. 
He obferves likewife an analogy betwixt molybdaena 
and antimony in their chemical refults. Both of them 
yield verifiable argentine flowers by fimilar operations, 
and both are changed into white earths by nitrous 
acid ; but they differ in the two following refpeets. 
I. The latter ealily gives a fufiblc regulus ; bat the 
molybdaena feems to be the moft refractory of all the 
femimetals. 2 The calx of regulus of antimony is 
foluble by alkalies in the moifl way, but that of mo- 
lybdaena is not. 
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X. Acid of Tvscstes or Wolfram. 



Propt ;r Luy art, who has examined this mineral, gives 

oftuDgftcn. ( ] 1C following account of it. I. It is infufible by the 

blow-pipe, though the angles of the pieces into which 

it is broken are thereby rounded. 2. It effervefces 

n.icrocofmic fait, and melts before the blow-pipe 

into a rcddilh glafs. 3. With borax it effervefces ; 
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and by the outward flame of the blow-pipe i< cl 
into a reddifh olulb \ by the internal fl ime ini 
i(h one. 4. Heated by ufelf in a crucible, it fuelled, " 

became fpongy, fern i vitrified, ami was attracted by 
the magnet. J. \\ ith an eq tal pari of nitre it deto« 
. nated, or boikd up with a blue flame round the edg< , 
and niiroui vapours arofe. The mafs was foluble in 
water, and let fall a white precipitate with acid. j. It 
melted readily with fixed alkali, leaving a kind of b.ack 
matter in the crucible, and a fmallcr quantity of 
lighter coloured fubftance on the filter. Thefe refi- 
duums fliowed a mixture of iron and manganefe. 6. 
With nitrous acid the filtered folution let fall a white 
precipitate, at firft fweet, but afterwards bitterifh and 
fharp, and which caufed a difagrecablc fenfation in the 
throat ; and the acidity of the folution of it was nu- 
nifeft, by its turning the tincture of turnfolc red. 

Having examined the fubltance by means of liquids 
in Mr Scheele's way, they obtained the fame yellow 
powder which he had characterized a-s the acid of 
tungften, along with a very fmall refiduum, which ap- 
peared to contain a mixture of tin. Proceeding far- 
ther in the analyfis, they found that wolfram is com- 
pofed of manganefe, calx of iron, the yellow matter 
called the acid of ttuigften by Bergman and Schcelc, 
with a very little mixture of quart/ and tin, and which 
they confidered as accidental. I49 „ 

They now proceeded to examine the yellow matter, Of the yet 
fuppofed by the two celebrated chemifls jult mention- lowmatter, 
ed to be a iimple acid fait, but which turned out very called its 
different on their inquiries. In order to procure » * c | 7 
quantity of it, they melted iix ounces of wolfram with 
as much vegetable alkali, diflblved the mixture in di- 
ffilled water, filtrated the liquor, and evaporated it to 
drynefs. Thus they obtained a white fait ; upon 
which, when dry, they poured nitrous acid, and fer 
it to boil in a fand-bath ; by which operation it be- 
came yellow. They then decanted the liquor, pour- 
ing frefh acid upon the refiduum ; and repeated the 
operation a third time in order to deprive it of all the 
alkali. The remaining powder was then calcined in a 
cupelling furnace under a muffle, when it came out 
quite pure and yellow. The properties of it were 
then found to be as follow. 1. It is entirely infipid, 
and of the fpecific gravity of 6.12. 2. Before the 
blow-pipe, it continues yellow in the exterior flame 
even though put on charcoal ; but grows black and 
fwells, though it does not melt, in the internal flame. 

3. In the internal flame it forms a blue tranfparent 
glafs with microcofmic fait. The colour vanifhes in 
the external flame, but appears again in the internal 
one 5 but by a continuance of this operation, it at laft 
lofes its colour fo much that it cannot be recovered. 

4. It effervefces, and forms a brownifh yellow trans- 
parent glafs with borax, which keeps its colour in 
both flames. 6. When triturated with water, it forms 
an emulfion which pafles through filters without be- 
coming clear, and continues a long time without ;;ny 
depofnion. 7. It is infoluble in acids, but difl'olves 
readily in the vegetable alkali both in the moift and dry 
way ; though the produce has always an excefsof alkali. 
8. On adding nitrous acid in greater quantity than 
what is neceffary to faturare this excefs, a white pow- 
der falls, which isthe fame « ith the acid of tungften dif- 
covcred by Mr Schcelc ; but which Meflrs Luyarts will 
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not allow to be a fimple acid, though they admit that 
it contains one ; and affirm, that its properties are va- 
rious according to the circumftances of its precipita- 
tion. The properties of it, as dtferibed, by them, arc 
acid procu- the following, i. It is fulible before the blow-pipe, 
ruble from exhibiting the fame phenomena, as the yellow matter, 
tungften. 2 . By calcination in a little pot or telt, it emits the 
fmcll of nitrous acid, and turns yellow ; but, on cool- 
ing, remains white, iniipid, and infoluble ; and this 
rellduum melts by itfelf before the blow-pipe. 3. A 
yellow colour is produced either by vitriolic or marine 
acids ; and the nitrated liquqr alfords a neutral ia.lt 
with bafis of fixed alkali, according to the nature of 
the acid employed. If the vitriolic acid is employed, 
and the operation performed in a retort, a quantity of 
nitrous acid paffes over. 4. If, inftead of pouring the 
acid on the fait, it be poured upon its folution, no pre- 
cipitate will be formed, not even by making the liquor 
boil, if the quantity of acid is final 1 ; only the folution 
lofes its fvveettafte, and acquires more bitternefs. On 
pouring on a large quantity of acid, and caufing the 
liquor boil, a yellow precipitate is formed in every 
relpecT: fimilar to the yellow matter fo often mentioned. 
5. This fait is completely dillblvedby the boiling with 
vinegar. On leaving the folution to cool, a white 
waxy matter adheres to the fides of the veifel ; which 
being wafhed and kneaded with the fingers, forms an 
adheiive mafs like bird-lime, having a fat and greafy 
tafte. By expofureto the air it acquires a dark grey 
colour, lofes its adhefive property, and becomes bitter. 
It diiiblves in water ; and gives at firft a fweet, then a 
bitter tafte, making the tincture of turnfole red. 6. 
On evaporating the alkaline folution to drynefs, pour- 
ing acetous acid upon the refiduuin, and then making 
it boil, the greater part of the refiduum, was dif- 
folved, and on cooling afforded feathery cry ftals. Thefe 
when edulcorated had a fweet tafte, though lefs ftrong 
than that of the former fait, which afterwards be- 
came bitter. Their folution turned blue paper red ; 
was precipitated, and became like an emulfion with fpi- 
rit of wine ; and the refiduum, which did not diffolve, 
appeared to be of the fame nature. The cryftals dif- 
folved in frefh acetous acid, and communicated a blue 
colour to the acid ; but this gradually disappeared on 
cooling, and a glutinous matter was depolited on the 
fides of the veffel, which had the properties of the 
former fubftance of that fort. If, in place of letting 
the folution cool, it ihould be kept boiling, the blue 
colour difappears, and nothing is precipitated. By ad- 
ding fpirit of wine when the liquor is almoft evapora- 
ted to drynefs, a white powder is precipitated ; which 
' after being edulcorated with frefh fpirit of wine, taftes 
exceedingly bitter, and is very foluble in water. This 
folution, however, does not redden blue paper, nor 
make a blue with vinegar. With vitriolic acid its 
folution is blue $ with vitriol of copper it forms a white 
precipitate. All thefe falts, by calcination, firft be- 
come blue, then yellow, and laftly white. 7. On 
pouring a quantity of lime-water upon the folution of 
the precipitate formed by the nitrous acid, as well as 
on thofe obtained by the acetous acid, white precipi- 
tates weie formed, all of which were a true regenera- 
ted tungften. Having afterwards impregnated the li- 
quors with fixed air, and boiled them in order to pre- 
cipitate the lime more completely, they found in the 



folutions, after they were filtrated and evaporated to Acid of 
drynefs, neutral falts formed of the precipitating acids, tur.gl ten. 
jomea with alkaline and calcareous bales. This pro- 
ved, that botn alkali and acid were concerned in the 
precipitation. 8. On pouring the vitriolic folutions of 
iron, copper, and zinc, aswell as that of marine mercu- 
rial fait, alum, and Pruiliau alkali, upon the folution 
of the precipitate formed by the nitrous acid, no pre- 
cipitation enfues, and the acetous falts of copper and 
lead give white precipitates ; but the Pruihan alkali 
forms no precipitate with the acetous falts. Hence it 
appears that tins fait is not a limple acid, but rather 
a iak compofed of the yellow matter, fixed alkali, and 
the precipitating acid; and its compofition appears 
more fully from the following experiments with the 
volatile alkali. 

1. The yellow powder dhfolvcs entirely in volatile 
alkali, but without any perfect tarnation taking place; 
and the alkali always prevails. 2. The folution being 
fet in a fand-bathy.producedncedle-like cryftals, v, inch 
had a lharp bitter tafte, exciting a difagreeable fen- 
fation in the throat. Their folution turned the tinc- 
ture of turnfole red, and the liquor from which they 
were cryftallized had the fame properties. 3. Having 
repeated this operation with different quantities of the 
fame cryftals, leaving fome longer on the fire than 
others, folutions %ve v e obtained, whofc acidity was in 
proportion to the time they had remained on the fire; 
but during the operation they all emitted the fmell of 
volatile alkali. By calcination this alkali was entirely 
diffipated, and the refiduum was a yellow powder, per- 
fectly fimilar to that with which the operation was be- 
gun. On making ufe of a retort for the operation, 
the remaining powder was blue. 4. This fait precipi- 
tates the vitriolic faits of iron, copper, zinc, and alum, 
calcareous nitre, marine mercurial fait ; the acetous 
falts of lead and copper; and with lime-water regene- 
rates tungften. The vitriolic acid decompounds it, 
and forms a blue precipitate ; the nitrous and marine 
acids produce a yellow ; but no precipitate is occafion- 
ed by the Pruffian alkali. 

Having poured nitrous acid upon a portion of the 
folution with excefs of alkali, a white powder was pre- 
cipitated, which, after edulcoration, had a tafte at firft 
fweet, but afterwards fliarp and bitter, and its folution 
turned the tinclure of turnfole red. This, on exami- 
nation, appeared to be a triple fait formed of the 
yellow powder, volatile alkali, and the precipitating 
acid. 

The following experiments realize the conjecture of a kind of 
Bergman, that the acid of tungften is the bafis of a iemimetal 
particular femimetal. procurable 

1. " Having kept 100 grains of the yellow powder fromtur 'S- 
(fays M. Luyart) in a Zamora crucible well covered, ftcn * 
and fet the whole in a ftrong lire for half an hour, it 
became a fpongy mafs of a bUiilh black colour, the 
fiirface of which was cryftallized into line points, like 
plumofe antimony, and the inlide compact, and of the 

fame colour. It was too hard to be broken in pieces 
by the fingers ; and, when ground, was reduced to 
a dark blue colour. 

2, " Having mixed 100 grains of the fame powder 
with too of fulphur, and put the mixture in a Zamo- 
ra crucible on a ftrong fire for a quarter of an hour, it 
came out a dark-blue mafs, which was eafily broke by 
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eight. Having put one portion of this Jubilance 
ercd, i.i digeftion with the vitriolic acid, and 
another with the marine acid, neither of them furFcrcd 
more diminution than ,'- of their -weight ; then de- 
canting the liquor, and examining the powder with a 
ins were (till perceived of a metallic a- 
Both the arid li e a blue precipitate 

the Pruflian alkali, which let us know that the 
fni.ill diminution proceeded from a portion of iron 
which the button had undoubtedly got from the pow- 
der of the charcoal in which it had been fet. The ni- 
trous acid, and - 1 extracted likewife from two 
other portions the ferruginous part ; but befides, they 
converted them into yell ; ^r, perfectly limilar 
to that which he ufed in this operation. 

4. *' Having put 100 grains of gold and fifty of the 
yellow powder in a Zamora crucible furnilhcd with 
charcoal, and kept in a ltrongfirc for three quarters 
of an hour, there came out a yellow button which 
crumbled in pieces between the ringers ; the infide of 
which (howed grains of gold, feparated from others of 
a dark-brown colour. This demonftrated there had not 
been a perfect fufion and likewife that this fubftance 

lore refractory with gold, fmce the heat which it 
ed was more than fufficicnt to have melted it. 
The button weighed 1 39 grains ; of courfe there was a 
diminution of 11 grains. Having put this button 
with lead in the cupelling furnace, the gold remained 
pure in the cupel ; but this operation was attended 
confiderable difficulty. 

5. '• Having made a mixture of platina and yellow 
powder in the preceding proportions, and-expofed it 
to a (Irons; fire, with the fame circumftances, for an 
hour and a quarter, it produced a button which crum- 
bled with cafe between the fingers, and in which the 

s of platina were obferved to be more white than 
, and fome of them changed fenfibly in their fi- 
gure. This button weighed 140 grains, and of con- 
fequencc there had been a lofs of 10 grains. When 
calcined, it took a yellow colour, with very little in- 
n-cafe of weight ; and after walhing itto feparate the 
platina, there remained 118 grains of a black colour. 
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more than the 18 grains which it (howed bj its 
;ht. 
u Having mixed the yellow powder with other me- 
tals in the preceding proportions, and treated them in 
the fame manner, the refult was as follows : 

6. " \\ ith filver it formed a buttonofawhitiili-browa 
colour, fomething fpongy, which with a fewftrokes 
of a hammer extended irfelf eaiily, but on continuing 
them fplit in pieces. This button weighed 142 grains, 
and is the moft perfect mixture we have obtained, 
except that with iron. 

7. " With copper it gave a button of a coppcrifh 
red, which approached to a dark brown, was fpongy, 
and pretty ductile, and weighed 13; grains. 

8. " With crude or caft-iron, of a while quality, it 
gives a perfect button, the fracture of which was com- 
pact, and of a whiiilh brown colour : it was hard, 
harlh, and weighed 137 grains. 

9. " With lead it formed a button of a dull dark- 
brown, with very little lullrc; fpongy, very ductile, 
and fplitting into leaves when hammered : it weighed 
127 grains. 

10. " The button formed with tin was of a lighter- 
brown than the laft, very fpongy, fomewhat ductile, 
and weighed r;8 grains. 

11. " That with antimony was of a dark-brown co- 
lour, Alining, fomething fpongy, harlh, and broke in 
pieces eafily : it weighed 108 grains. 

12. " That of bifmuth prefented a fracture, which, 
when feen in one light, was of a dark-brown colour, 
with the luftre of a metal ; and in another appeared 
like earth, without any luftrc : but in both cafes one 
could diftinguilh an infinity of little holes over the 
whole mafs. This button was pretty hard, harlh, and 
weighed 68 grains. 

13. " With manganefe it gave a button of a dark 
bluim-brown colour and earthy afpect ; and on exa- 
mining the internal part of it with a lens, it rcfem- 
bled impure drops of iron : it weighed 107 grains." 

XI. Acid of Ants. 

Etmuller is among the firft authors who mentions 
the exigence of this acid, and fpeaks of obtaining it 
by diftillation. Nothing of its properties, however, 
was known, until Margraaf undertook to examine it ; 
of whofe experiments we have an account in the 
Memoirs of the Berlin Academy for 1749. Since his 
time a number of cheraifts have profecuted the fubject 

to 
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to a confulcrably grcaLcr length ; but Mr Keir prefers 
the refearches of Arvidfon, Bucholtz, and Hermbliadt, 
to the reft. 

The acid in queftion is a natural juice which the in- 
fects difchargc when irritated, and which is very pun- 
gent to the fmcll as well as tafte. Thus it may in- 
ftantly be perceived on turning up an ant-hill in fpring 
or fummer. The formica rubra of Linnseus are thole 
infects which have hitherto fupplied this acid. Mr Ar- 
mcthodsof vidfon advifes to collect them m the months of June 
obtaining an d July, by laying fome fmooth flicks upon an ant- 
hill ; which being then difturbed, the ants will run 
upon the flicks in great numbers, and may then be 
fwept off into a veffel containing water until it be full. 
Hermbftadt collects them in the fame manner, but into 
a dry bottle, to avoid the evaporation of the fuper- 
fluous liquid. Bucholtz having moiftened the inlide 
of a narrow necked glafs bottle with honey and water, 
funk it into a difturbed ant-hill until the mouth was 
level with the ground ; on which the infects, allured 
by the fmell of the honey, went into the bottle, and 
could not get out. 

For obtaining the acid, Margraaf employed diftil- 
lation, with the addition of frelh water. Thus he ob- 
tained, from 24 ounces of frefh ants, 11 ounces and 
two drachms of acid, fome volatile alkali, empyreuma- 
tic oil, and a refiduum containing earth and fixed fait. 
Arvidfon made ufe of two methods : One confilted in 
diftilling the ants when dry ; from a pound of which, 
in this Itate, he obtained eight ounces of acid befides 
the empyreumatic oil. His other method was to in- 
clofe, in a piece of linen, the ants previoufly cleaned 
by walhing in water, then to pour boiling water upon 
them, and to repeat the operation until it could ex- 
tract no more acid ; which is then obtained by fqueezing 
the linen, mixing all the liquors, and filtering them. 
Thus from a pound of ants he obtained a quart of acid 
liquor, which tafted like vinegar, but was fpecifically 
heavier. By diftillation Hermbftadt obtained from a 
pound of dry ants ten ounces and a half of yellow em- 
pyreumatic liquor, which did not tafte more ftrongly 
acid than the fpirit obtained by diftilling wood, on 
which fwam three drachms of a brown fetid oil, in all 
refpects like that of hartfhorn. In the retort was left 
a black refiduum weighing one ounce fix drachms, 
which exhibited figns of containing volatile alkali. By 
diftilling a pound of ants with three of water, according 
to Mr Margraaf's method, he obtained an acid liquor 
and fome oil in the receiver ; and from the furface of 
that which remained undiflilled, he collected a drachm 
and an half of fat oil. 

The fpecific gravity of the acid liquor obtained by 
Mr Arvidfon's maceration was 1,001 1; that of the 
fame liquor, when diftilled, 1.0075; and of the acid 
concentrated by freezing, 1.0453. According to 
Bucholtz, the acid liquor thus obtained by macera- 
tion did not grow in the leaft mouldy in the fpace of 
four weeks ; during which it was allowed to reft in 
order to free itfelf perfectly from the impurities it con- 
tained. MrHermbftadt, however, prefers Margraaf s 
method of diftillation to that of Arvidlon's macera- 
tions, not only as being a more perfect analyfis, but as 
lefs laborious ; though he finds fiult alfo with Mar- 
graaf's method, as diluting the acid too much, and al- 
tering it fo that it has not the fmell of living ants. He 



totally difapproves of the method of diftilling dried Acid of 
ants, as the acid is thus in a great meafure decom- ants. 
poied, and the remainder united with much oil. To — — v-— ■* 
avoid all theie inconveniences, he contrived another 
method, namely, to exprefs the juice of the infects j by 
which means he obtained at once a concentrated liquor 
fit for diftillation. In this way he obtained from two 
pounds of dried ants 21 ounces and two drachms of 
juice, which had a pungent and highly acid fmell, re- 
fembling the vapours of rluor acid ; in tafte rcftmbl ng 
concentrated vinegar and acid of tartar ; to which laft it 
might be compared for ftrength of acidity. By di- 
ftilling eight ounces of this expreffed liquor, he ob- 
tained fix ounces and a half of clear acid, equal in 
ftrength to a very concentrated vinegar. ls0i 

The acid, when thus procured in purity, has a pun- Properties 
gent, not unpleafant fmell, a fharp, cauilic tafte, and of the pure 
an agreeable acidity. It reddens blue paper, fyrup of acid - 
violets, and litmus ; blackens the vitriolic acid, and 
converts part of it into a fulphureous vapour. It is al- 
fo decompofed by diftillation with nitrous acid. Spirit 
of fait likewife, when dephlogifticated, decempofis it, . 
but not in its ordinary ftatc. It does not form fulphur 
by an union with phlogifton, but produces inflamma- 
ble vapours by diilblving iron or zihe. By the af- 
fiftance of a gentle heat it diiTolves foot, but oils with 
much more difficulty, and powder of charcoal not at 
all. It does not unite with vitriolic ether; but in di- 
ftilling a mixture of this acid with fpirit of wine, Mr 
Arvidfon faw fome traces of an ether, and M. Bu- 
choltz perfectly fucceeded in making an ether by means 
of it. It unites with fixed alkali, forming, according 
to M. Margraaf, aneutral fait, confifling of oblong de- 
liquefcent cryftals, from which very little acid could 
be procured by diftillation per fe, but on adding con- 
centrated oil of vitriol, a very ftrong and pure acid was 
obtained ; from a mixture of which with fpirit of wine, 
M. Bucholtz readily obtained a true ether. With 
mineral alkali it forms deliquefcent foliated cryftals of 
a faline bitter tafte, and foluble in twice their weight 
of water. With volatile alkali it forms an ammonia- 
cal liquor ; which, according to Arvidfon, cannot be 
brought into a dry ftate ; but Mr Arvidfon fays he 
has obtained cryftals from it, though very thin and 
deliquefcent. Margraaf obtained dry cryftals by uni- 
ting this acid, with chalk or coral ; and Arvidfon ob- 
ferves that this fait is tranfparent, cubical, or rhom- 
boidal, nondeliquefcent, foluble in eight parts of water, 
of a bitter tafte, and infoluble in fpirit of wine. No 
acid can be obtained from it by diftillation perfe. From 
a folution of magnelia in this acid, Mr Arvidfon ob- 
tained fome faline particles by depofition, and after- 
wards an efflorefccnce of tranfparent fait riling round 
a faline mafs. This fait had fcarcely any tafte, was ' 
foluble in 17 parts of water, and infoluble in fpirit of 
wine. With ponderous earth the add formed a clu- 
fter of bitter needle like cryftals, which did not deli- 
quefce, were foluble in four times their quantity of 
water, infoluble in fpirit of wine, and when burnt gave 
out a fmell like that of burnt fngar, leaving a coal 
which effervef ed with acid. It unites with diffi- 
culty to the earth of alum, and can fcarcely be 
faturated with it. It does not precipitate filver 
lead, or mercury, from their folution in nitrous 
acid ; whence it feems to have no affinity to the ma- 
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, the calces of copper, filver, zinc, 

and lead, without afficc'ting thofeof tin, regulusofan- 

irbifninth. Thecalxofqaickiilver, accord- 

iaf, is revived by it. According to Ar- 

i, it cryftallizcs with iron, zinc, or lead ; docs 

the regulus of antimony, ofarfenic, co- 

. or nickel; though it diilblves their calces as 

cipitate ofmanganefe. Gold, mercury, 

and the calx of platina, are not afFeclcd by it ; but it 

cryftallizeswiththofcofcopper, iilver, lead, bifnuith, 

and mercury. 

In its ftrcngth of attraction, the acid of ants ex- 
,. 6 cceds thole of vinegar, borax, and the volatile fulphu- 
Acid pro- reous and nitrous acids. Infects armed with flings, 
cured from as bees, Wafps, ami hornets, are likewife faid to dif- 
▼arlouj in- charge a very acid juice when irritated ; and Mr Bon- 
net has obferved a very ftrong acid ejectc 1 by a cater- 
pillar which he diftj iguifhcsby the nam 

du fault; a a ■ Noneof tlicl'c, however, 

have been as yet particularly examined. 

XII. Acid tf Ai'PLh.s. 

That the juices of unripe fruits contain fomc kind 
of a -id has been univerfally known, and attempts^to 
igate the nature of it have been made tome time 
ago: but it is to Mr Schecle that we owe the difco- 
vcry of the particular acid now treated of. He had 
ved that the juice of citrons contained a particu- 
lar aci.l; which, by being united with lime, formeda 
fait , i.i water; am" which ihereforc by 

could be readily fcparated from the 
>;rt ot the juice. By adding vitriolic 
aci 1 to tliisro pound of lime with the acid juice, al- 
in (he I me manner in which he ufed to procure 
tar, the lime was again fcparated, and 
ire acid of citrons obtained. Proceeding in the 
ner with ether fruit, he found that an acid, 
; i every refpeel with that of citrons, could 
be procured from the juice of the nbes grojpt/aria. 
c juice which remained after the fe- 
paratiou of the former acid from the citrons, he 
.!1 contained another acid ; wheh being 
re calcareous earth, formed a fait 
eafily folublc in water, and therefore remained fufpend- 
ed in the juice. To feparate this new fait, he added 
("pint of wine, by which the fait was prccipita- 
red fr.>m : - J ; but finding that it ftill contained much inimmy 
i e proper to attempt a 

f cp , im before he precipitated the fait. 

;is purpofe he evaporated fome o I the juice of the 
a to the confidence of honey, dillblving 
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the mafs afterwards in fpiritofwii 
which 

by filtration from the int 

uder tw ii 
quantity of water, with a 

fary for the laturaaon. The liquor was next boiled 
for two minutes ; during which the infoluble fair 

itated, and the liquor feparated from it by fil- 
tained the folution of chalk in the i < \f 
acid. To this folution he added fpirit of wine, which 
again precipitated the fait, while fome faponaccous 
and faccharinc matters remained diilblved in the fpi- 
rit. 15C9 

Having thus at lafl obtained the fait in a flate of pu- Its proper- 
rity, he proceeded to examine its nature ; and found, t l «*- 
i. That fome of it, fpread on his nail, foo*i dried, 
and ailumed the appearance of varnilh. 2. It was 
very folublc in water, and turned litmus red. 3. When 
the folution had flood fome days expofed to air, it was 
found to have depolited a number of fmall cryfhils, 
which could only be diilblved by a quantity of boiling 
water ; and this fait Was alfo found to be completely 
neutralized, fo that, it yielded its calcareous earth to 
a fixed alkali. 4. The fait was decompofed by heat- 
ing per fc in a crucible, and left a mild calcareous 
earth. 5. The acid was fcparated from the earth by 
adding oil of vitriol diluted with water until gypfum 
was no longer precipitated, and the new acid was left 
difengaged, fo that it could be feparated by filtration. 
6. By this operation, however, all the lime was not 
precipitated; fo that the feparation of the acid was not 
complete. 7. He obfervecl that the acid had a greater 
attraelion for lead than for lime ; and therefore made 
ufe of the method he had formerly difcovered for fe- 
parating the acid of forrel. To the acid he added a 
folution of fugar of lead ; by which the acid was preci- 
pitated along wiih the lead, and the vinegar was left t - IO 
in the liquor. To this precipitate, cleaned from How pro- 
the acetous acid by filtration, he added vitriolic acid, cured in 
which expelled the weaker vegetable one, and thus perfect pi* 
left it quite pare and free from any heterogeneous rit l'- 
mixture. 

The juice ofapplcs, eithcrripe or unripe, was found 
to contain no acid of citrons, but a large quantity of 
the new acid ; which, being thus alone, he could mora 
eafily procure by a fmgle operation. The befit method 
of procuring this he found to be by faturating the 
juice of the apples with a folution of fixed vegetable 
alkali, and pouring a folution of fugar of lead to that 
of the fait juft mentioned. The effecT: of this was a 
double decompofition, and a precipitate of lead com- 
bined with the new acid. To the edulcorated pre- 
cipitate he then added a dilute vitriolic acid till he 
could no longer perceive any fweet tafte in the liquor ; 
for the firfic portions of the vitriolic acid diffolve a part 
of the calx of lead, and impart a fv/cctilh tafte to the 
liquor, which isfenfible, notwithstanding its acidity ; 
but when the quantity of vitriolic acid is fufficicnt to 
faturate the whole of the calx, all the metal falls to the 
bottom, and the fweetnefs ceafes; fo that the acid is at 
orfce obtained pure. T ? TI 

The acid of apples is poffeflcd of the following pro- Propertta 
perties. 1. It cannot be cryftallized, but always re- obtained" 

. in a liquid ftate ; or, if much evaporated, at- r rom t j, e 
tracts the moiilurc of the air. 2. With fixed alkalies juice of 
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of all kinds it forms deliqucfcent kits. 3. With cal- 
careous earth it forms fmall irregularly fliaped cryilals, 
which cannot be dillblved 1 but in a large quantity of 
boiling water ; but if the acid is fuperabundant, the 
fait readily diflblves in lime-water. 4. It is effected by 
ponderous, earth in the fame manner as by lime. 
5. Earth of alum forms, with the acid of apples, a fait 
not very folublein water. 6. With magnelia the acid 
forms a deliquefcentfalt. 7. Iron is diifolved into a 
brown liquor, which docs notcryftallize. 8. The fo- 
lution of zinc affords fine cryilals. 9. On other me- 
tals it has no remarkable effects. From the acid of 
citrons it differs. 1. The acid of citrons fhoots into 
fine cryilals. 2. The acid of apples can be eafily con- 
verted into that of fugar, which Mr Scheele could not 
accomplifh with that of citrons ; though Mr Weilrumb 
has lince done it. 3. The fait formed with the citron 
acid and lime is almoft infoluble in water ; but that 
with acid of apples and lime is eafily foluble. 4. Acid 
of apples precipitates mercury, kad, and filver from 
their folution in nitrous acid, and likewife the folution 
of gold, when diluted with water; but the acid of 
citrons does not alter any of thefe folutions. 5. The 
acid of citrons feem to have a greater attraction for 
lime than that of apples. 

It is remarkable that this acid is the firft produced in 
the procefs for making fugar. If a diluted acid of 
nitre be drawn off from a quantity of fugar until the 
mixture becomes a little brown, which is a iign that 
all the nitrous acid is evaporated, the fyrup will be 
found to have acquired a fouriih taile ; and if, by 
means of lime, we next feparate all the acid of fugar, 
another will llill remain, which dilTolves the calcareous 
earth. When this acid is faturated with chalk, and 
the folution filtered and mixed with fpirit of wine, a 
coagulation takes place. On feparating the curdled 
part by means of a fieve, diflblving it in water, and 
then adding fome vinegar of lead, the clax of lead will 
be precipitated ; and it the new acid is then feparated 
from the metal by means of diluted oil of vitriol, it 
will be found to poifefs all the properties of the acid 
of apples, and is indeed the fame. The fpirit of wine, 
which has been employed to precipitate the calcare- 
ous fait, leaves on evaporation a reliduum of a bitter 
tafte, very deiiquefcent, and fimilar to the faponaceoas 
extract of the citron. 

The following are the refults of Mr Scheele's ex- 
periments with the nitrous acid noon different fub- 
iiances. 1. From grim arabic he obtained both the 
acid of apples and of fugar. 2. The fame products 
were obtained from manna. 3. From fugar of milk 
he obtained not only its own peculiar acid, but thofe 
of apples and fugar. 4. Gum tragacantb, during its 
folution in nitrous acids, lets fall a white powder, 
which was found to be the acid of the fugar of milk. 
This gum contained alfo the acid of apples and of fu- 
gar, and a fait formed from lime and the acid of ap- 
ples. 5. Starch left an undiflblved matter; which be- 
ing feparated by filtration, and warned, refembkd a 
thick oil like tallow, which, however was found to be 
very foluble in fpirit of wine. By diflillation he obtain- 
ed from this oily matter an acid fimilar to that of vine- 
gar, and an oil which has the fmcll of tallow, and con- 
ceals by cold; and, befides thefe fubflances, he found 
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that ilarch yielded the acids of apples and fugar. Acid of 

6. From the root of falephe obtained the acid of ap- app'es. ^ 

pies, with a large quantity of calcareous faccharine 
fait. 7. Extract of aloes indicated the exiilcnce of 
the acids of fugar and apples, and loft the grcateil 
part of its bitter taile. During the digeftion a refi- 
nous matter was feparated, which fmelled like flowers.. 
of benzoin, and took fire on being heated in a re- 
tort. 8. Extract of colocynth was converted by ni- 
trous acid into a refinous fubilance, and mowed fome 
figns of containing acid of fugar. 9. The extracts 
of Peruvian bark and of the other plants examined by 
Mr Scheele, gave both the acids of apples, and fugar. 
10. Thefe two acids were likewife obtained from an 
infufion of roafted coffee, evaporated to the confiilence 
of a fyrup. 11. The fame products were obtained 
from an extract of rhubarb, which yielded alfo av 
refinous matter. 12. Juice of poppies afforded the 
fame refults. 13. Extract of galls did the fame, 
14. TheefTential oils afforded little or none of ths. 
acids ; but the oil of parfley-feeds feemed to be 
entirely convertible into them. 15. With a very 
concentrated acid he was able alfo to decompofe ani- 
mal fubflances. From glue he thus obtained fine; 
cryilals of acid of fugar, and afterwards acid of apples. 
Ifinglafs, whites and yolks of eggs, afforded the fam,e 
products. From all thefe fubflances, efpecially the 
lail, a fat matter was feparated : but it was remarkable 
that the gas, expelled during the procefs, was com- 
pofed of a little fixed air, a great quantity of phlo- 
giilicated air, and very little nitrous air, whereas no 
phlogifticated air is obtained in the ufual procefs for 
preparing acid of fugar. He obferved alfo that in 
the procefs for this acid, a fmall quantity of vinegar 
is found in the receiver. He could not obtain the 
acid of fiigar from the faponaceous extract of urine ; 
but got inftead of it a fait, which, when completely 
purified, refembled exactly the flowers of benzoin. 
The fame fait is precipitated in abundance by adding 
to the extract of urine a little vitriolic or marine 
acid; and Mr Scheelejiad already remarked that the 
fame fait is obtained in the diflillation of fugar of milk. T5I , 

From the various experiments which have been made Cf then- 
on this acid, it feems, according to Mr Keir, to be in tureof thi3- 
an intermediate ilate betwixt acid of tartar and acid ac "*« 
of fugar. This, however, ought not to prevent it 
from being accounted a feparate and diilinct acid, . 
otherwife we might confound' all the vegetable acids 
with one another. It approaches more nearly to the 
nature of acid of milk than of any other. From this 
alfo, however, it is diftinguifhed, becaufe the fak 
formed by the union of acid of milk with lime is fo- 
luble in fpirit of wine, but not that from lime and 
the acid of apples. According to Mr Hermbiladt, if 
three parts of fmokiug nitrous acid be abilracted from 
one part of filgar, and if the brown acid mafs which 
remains in the reto' t be diluted with fix times its 
weight of diililled water, and faturated with chalk, 
two compounds will be formed ; one conlifling of the 
acids of tartar and lime, which will precipitate ; and 
the other of lime and the acid of apples, which will 
remain fufpended. If the calcareous earth be preci- 
tated from this latter folution by adding acid of fu- 
gar.) a pure acid of apples will be left in the liquor : ■ 
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It Uy believed, thai the combination of 

Ikali is altogether incapable 
>n; but SchefFer and Morveau inl 

us, that it may be reduced into (mail needle-fha- 

us Mindcreri is c 
rated to the confidence of a fyrup, and left expofed 
to the cold. The fait has a' very harp and burn- 
. :c, bnt a able quantity is loll during 

..ion. Weftendorf, by adding bis concen- 
trated vm< 'Utile alkali, obtained a tranfparent 
liquor which did not cryftallize. By dillillation it 
intirely into the receiver, leaving a white 
fpoton the retort. A (aline tranfparent mafs, how- 
ever, appeared in the receiver under the clear fluid. 
On feparating it from the liquid, and expoiing it to 
a gentle heat, it melted, threw out white vapours, 
and in a tew minutes (hot into (harp cryftals refem- 
bling nitre. Thef< d in the cold ; 
but when melted with a gentle warmth, i'moked and 
trated. Their talk was firft (harp and then 
fwect. 

The fait formed by uniting acetous acid with cal- 
careous earth has a (harp bitter tafte, and (hoots in- 
to cryftals fomewhat refembling ears of corn. Thefe 
do not deliquatein the air, unlefs the acid has been 
ibundant. TJhey are decompiled by dillillation 
, the acid coining over in white inflammable va- 
pours fmelling like acetous ether, fomewhat empy- 
reumatic, and condenfing into a reddilh brown li- 
quor. By rectification this liquor becomes very vo- 
latile and inflammable; on adding water, it acquires 
a milky appearance, and drops of oil feem to fwnn upon 
the furfacc ; a reddilh brown liquor, with a thick black 
oil, remain after rectification in the retort. On mix- 
ing this calcareous fait with that of Glauber, a double 
decompolkion takes place ; we have a gypfum and 
the mineral alkali combined with acetous acid. By 
calcination, the mineral alkali may be obtained from 
this fait in a irate of purity. This acetous calcareous 
fait is not foluble in fpirit of wine. 

On fat uniting this acid with magnefia, and evapo- 
rating the liquor, we obtain a vifcid faline mafs like 
mucilage of gum arable, which does not (hoot into 
cryftals, but deliquefces in the air. It has a l'weetiih 
tafte at firft, but is afterwards bitter. It is foluble in 
fpirit of wine, and parts with its acid by dillillation 
without addition. 

Acetous acid dillblves zinc both m its metallic and 
calcifbrm ftate, and even when mixed with other me- 
By concentrated vinegar the zinc is dilTolved 
rreat heat, fiilpbnrcons fmcll, and exhalation of 
mmablc matter. By this union we obtain a con- 
gealed mafs, which on dilution with water (hoots into 
r fharp cry lids at the firft cryftallization, and 
(lals of a ilellated form. From this 
• indeed cryftals of various forms have been ob- 
chemifts. Monnet obtained from 
j t a J ,red ialt in friable talky cry (lals; which 

when thrown on the coals, fulminated a little at firft, 



ST Y. 

and gave a 






1 bluiih flame, and then melted, letting 11 
cape, while a yellow 1 lined, Hcllot » ctg> 

informs us, that this fait by dillillation p<rfe in wa- 
ter, affords an inflammable liquor, and an oil at firft 
yellow and then green, with white flowers burning 
with a blue flame. Weftendorf obtained no oil in this 
dillillation, but fome acetous acid ; a fweet -tailed cm- 
pyreumatic liquor impregnated with zinc; fweet 
Mowers, or lublimate, loluble in water, and burning 
with a green flame. On applying a ftronger heat, 
the zinc was fublimed in its metallic form, lca\ 
fpongy coal at the bottom of the retort. 1 he folu- 
tion gives a green colour to fyrup of violets, lets fall 
a white precipitate on the addition of alkalies or an 
infufion of galls. It is not precipitated by common 
fait, vitriolated tartar, vitriolic or marine acids, blue 
vitriol, or corrolive fublimate ; but forms a red pre- 
cipitate when added to a lolution of gold ; a white pre- 
cipitate with lolution of iilvcr ; a cryftalline pearly 
precipitate with lolution of mercury ; and cryftalline 
precipitates with folutions of bilmuth and tin. Ac- 
acording to Bergman, it is decompofed by acid of ar- 
feliic. *5*9 

Thongh regulns of arfenic is not foluble in this Its pheuo- 
acid, its & calx may be diflblv.ed either in common or»« Ba . wl * 
diftilled vinegar. M. Cadet obtained a imoking liquor arlen,c * 
by dillillation from a mixture of white arfenic and 
una foliata tartari. This experiment has been re- 
peated by the chemifts of Dijon, and attended with 
the following curious circumfianccs. " Wedigefted 
(fay they), in a land-bath, live ounces of diftilled vi- 
negar on White pulverized arfenic ; the filtrated liquor 
was covered, during evaporation, with a white faline 
crull. Of this fubftance were formed 150 grains ; on 
which fixed alkali appeared to have no effect, and 
which was at firft confidered as pure arfenic. How- 
ever, a cat, which had fwallowed 72 grains of it, was 
only affected with vomitings that day and the next, J5M 
and afterwards perfectly recovered. A fimilar dofe Vinegar 
was given to a little dog; but .as he ran away, the fuppol'cd t« 
effect it had upon him could not be difcovered ; but ^ an a,ltl * 
he returned afterwards in good health, and never „2 
(howed any uneafinefs : whence it may be concluded, 
that vinegar is in fome meafure an antidoie igainft the 
pernicious qualities of arfenic. 

" On rediMblving this faline cruft in pure water, 
filtering and mixing it with liquid alkali, an irregu- 
larly cryftallized fait was formed in it after a few days 
(landing. By this fait a yellow precipitate was thrown 
down from the nitrous folution of filver ; whereas the 
folution of arfenic and terra foliata tartari threw down 
a white one. 

" Equal parts of terra foliata tartari and arfenic, di- 
ftilled in a retort, gave firft a fmall quantity of limpid 
liquor with a penetrating fmell of garlic, and which 
had the property of reddening fyrup of violets j while 
folution of arfenic in water turns that fyrup green. 
The vinegar which now arofe was not faturatcd when 
arfenic, but effervefced ftrongly with fixed alkali, with 
which it became turbid, but did not let fall any pre- 
cipitate. On changing the receiver, there came over a 
reddihh brown liquor, accompanied with thick vapours, 
diffufing an intolerable fmell, in which that of arfenic 
could fcarcely be diftingnilhed. On continuing the 
operation, a black powder fublimed into the neck of 
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the retort, together with a little arfenic in its metal- 
lie form, and a- matter which took fire by a lighted 
candle like fulphur. 

" The red liquor ftill preferved its property of fmo- 
king though cold ; diffuflng at the fame time its pe- 
culiar and abominable fetor, from which the apart- 
ment could fcarcely be freed in feveral days. This 
liquor does not alter the colour of fyrup of violets, 
but effervefces (lightly with fixed alkali, letting fall 
at the fame time a yellow precipitate, which, however, 
disappeared on an attempt to feparate it by filtration. 

u M. Cadet had obferved, that the fmoking liquor 
of arfenic did not kindle at the approach of a lighted 
candle ; but that, on pouring it from the receiver into 
another vefl'el, it had kindled the fat lute with which 
the junctures had been clofed, and which had been 
dried during the operation : but we, being defirous 
of examining more fully the nature of the red liquor 
which collects at the bottom, and has the appearance 
of oil, having decanted that which' fwims on the top, 
and poured the remainder on a filter of paper, 
before many drops had palled, there arofe a thick 
fmoke forming a coliunn from the vefl'el to the ceiling ; 
a flight ebullition was perceived at the fides of the vef- 
fel, and a beautiful rofe-coloured flame appeared for 
a few moments. The paper filter was burnt at one 
fide, but mod of it was only blackened. After the flame 
was- extinguished, a fat reddifh matter remained : which 
being melted on burning coals, fwelled confiderably, 
emitting a white flame. It then funk, and left on the 
coal a black fpot, which could not be effaced but by 
the moft vehement fire. 

" At the time thefe obfervations were made, the 
liquor had been diftilled for three weeks, and the bot- 
tle frequently opened. The inflammability could not 
proceed from the concentration of the vinegar : for 
the rofe-colour of the flame, the precipitation of the 
fublimate, and the fixity of the fpot remaining on the 
coal, evidently fhowed that the two fubflances were in 
a flate of combination ; which is alfo further evinced 
by the lofs of the inflammable property when the li- 
quor was decompofed by fixed alkali. — The fmell of 
the liquor, however, though fo intolerably fetid, was 
attended .with no other inconvenience than a difa- 
greeable' fenfation in the throat, which further 
ftrengthens the fufpicion that vinegar is an antidote 
againft arfenic. 

" The faline brown mafs remaining in the retort 
was partly diflblved by hot water ; and the filtrated lix- 
ivium was very limpid, but emitted the peculiar fmell 
of the phofphoric liquor. By evaporation it yielded 
a fait which did not deliquefce in the air, of an ir- 
regular fhape; and which being put on burning coals, 
did not fmell fenfibly of arfenic ; loft its water of cry- 
itallization ; and became mealy and white without be- 
ing diflipated by heat. On expofing the refidnum to 
the air, it was found next day refolved into a liquor ; 
whence it is probable that moft of it was compofed of 
cryftallized alkali, having received from the decompo- 
fttionofthe vinegar as much fixed air as was necef- 
fary for its cryftallization." 

This acid does not ad upon mercury in its metal- 
lic flate, but diflblves rhc mercurial calces, as red pre- 
cipitate, turbkk mineral; and the precipitate formed 



by adding fixed alkali to a folution of mercury in ni- 
trous acid ; with all which it forms white, fhining, 
fcaly cryflals, like thofe of fedative fait. 

Vinegar does not act upon filver in its metallic ftate, 
but readily diflblves the yellow calces precipitated 
from its folution in nitrous acid by microcofmic fait 
and volatile alkali. By the help of a boiling heat al- 
fo it very copioufly diflblves the precipitate obtained 
by means of a fixed alkali. The lalt mentioned folu- 
tion yields fhining, oblong, needle-fhaped, cryflals, 
which are changed to a calx by means of feveral acids,, 
efpecially the muriatic. The filver is thrown down in 
its metalic form by zinc, iron, tin, copper, and quick- 
filver. 

Though the acetous acid has no effect upon gold in 
its metallic ftate, yet a folution of this metal is de- 
compofed by crude vinegar, which produces both a 
metallic precipitate and dark violet-coloured powder. 
Diftilled vinegar throws down the gold in its metallic 
form. The precipitate by fixed alkali digefted with 
acetous acid is of a purple colour. This, as well as 
fulminating gold, is diflblved by WeftendorfF's con- 
centrated vinegar ; the fulminating gold very eafily. 
The folution is of a yellow colour ; and with volatile 
alkali affords a yellow precipitate ; with lixivium fan- 
guinis, a blue one ; both of which fulminate. The 
dry fait of gold diflblves in the acetous acid, and pro* 
duces oblong yellow cryflals. 

This acid has no effect on fat oils, farther than that 
when diftilled together, fome mixture takes place, as 
the Abbe Rozier has obferved. Neither does diftil- 
led vinegar act upon eflential oils, though M. Weften- 
dorfPs diftilled vinegar diflblved about a fixth part of 
oil of rofemary, and about half its weight of cam* 
phor. The latter folution was inflammable, and let 
fall the camphor on the addition of water. The a- 
cid diflblves all the true gums, and fome of thofe cal- 
led gum-rcfins, after being long digefted with them. 
By long boiling, Boerhaave obferves, that it diflblves 
the bones, cartilages, flefh, and ligaments of animals. 

The concentration of this acid may be effected by 
combining it with alkalies, earths, and metals. By 
combining it with copper, and then cryftallizing and 
diftilling the compound, we obtain the acid in the 
higheft ftate of concentration in which it is ufually 
met with. To produce this ftrong acid, we have 
only to diitill verdegris, or rather its cryftals in 
a retort. The operation muft be begun by a very 
gentle fire, which brings over an aqueous liquor. This 
is to be fet afide, in order to procure the more con- 
centrated acid, which comes ever with a ftronger fire. 
On changing the receiver, and augmenting the heat, 
we obtain a very ftrong acid which comes over partly in 
drops, and partly in white vapours. It is called radical 
vinegar, or fometimes fpirit of Venus, and has a very 
pungent fmell, almoft as fuffocating as that of volatile 
lulphureous acid. As the laft portions of it adhere 
pretty ftrongly to the metal, we are obliged to raife 
the heat to fitch a degree as to make the retort quite 
red in order perfectly to feparate them. Hence fome 
part of the metal is railed along with the acid, which, 
diilblving in the receiver, gives the liquor a greenifh 
colour ; but from this it may be eafily freed by a fe- 
cond diftjllation. when it rifes with a very gentle heat, 

and 
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and become! extremely white. Cryftals of verdegris 
.ibour one half the:, diet! vinegar; 

. 

thed pan, and 

it, it will burn cnti :ke Ipirit 

ikewife obferved, that it ra ( 

. This, however, takes place only 

with the 1 andthecrj ltals 

appear in the form of plates or needles. The mar- 

( who has repeated and confirmed 

of the count de l . fuppofes 

aenomenon to I to a fulphur-likc mixture 

. acid and pblogilton. Leonhardi fuppofes 

between thefe cryftals and the white lalt of 

pelled at the end of the operation by the 

count de Lad'onc. This fait was at iiril very white, 

ted on the neck of the retort pretty thick ; but 

i quickly collected, was foon deftroyed by the 

fuccceding vapours. When expofed to the air, it 

attracts moifture, and runs into a grtcmlh liquid. 

it is uncommonly light, and in fuch fmall quantity, 

that fcaree five or iix grains can be collected from a 

pound of verdegris. Its tafte is acid, auftere, very un- 

pleafant and permanent. It readily and totally dif- 

in water, and partially in fpirit of wine, leaving 

a yellow powder totally foluble in volatile alkali, and 

v. tiich burns with a green flame. From this fait, vola- 

tile alkali acquires a blue colour, and litmus a red 

one ; and thus it discovers hi elf to be computed of 

acetous acid and copper. 

Experience has lhown that radical vinegar differs 
contidcrably in its properties from the common acid. 
vi- It has a greater attraction for alkalies, forms with 
Bc;;.ir and t h C]I1 mo rc perfect combinations, and is lefs volatile. 
common a- jyi Bcrthollct obferves, that when vinegar coucentra- 
cctoujacid. tcd by f - rol | an j ra ji ca i vinegar, are reduced to equal 
denfuics, by adding water to the heavier of the two, they 
differ very much both in fmell and tafte. Lalfone 
found, that radical vinegar formed a cryftallizable 
compound with volatile alkali ; and Berthollet has ob- 
ferved the fame with regard to fixed vegetable alkali. 
The cryftals of, the latter with radical vinegar were 
flat, tranfparcnt, and flexible, (lowly deliquefcent in the 
air. On comparing the fairs formed by the two acids, 
he found, that the acetous fait rendered the fyrup of 
violets green ; bat its colour remained unaltered with 
that made with radical vinegar. The latter alfo re- 
quired a ftronger fire to expel part of its acid ; it was 
alfo whiter, and had a lefs acid tafte. On pouring 
icgar on the acetous fait, the folution afford- 
ed, by evaporation and cryftallization, a fait perfectly 
fimilar to that procured directly from radical vinegar 
and fixed alkali. On diftilling the mixture, the radi- 
cal vinegar appeared to have expelled the common a- 
cetons acid, as the liquor which came over effervefced 
w ith vegetable alkali, and formed with it a terra foli- 
ata tart. 

" It feems probable (fays Mr Keir), that the radi- 
nrains a larger portion of the aerial prin- 
ciple than the common acetous acid ; by which it un- 
does a change fimilar to that of marine acid, when 
Into that ftatc in which it is faid to be de- 
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ilUcatcd. This air it may a - m the me- Acetow 

calx, w inch being depth cd OJ its air is reduced >a ^- 
to its metallic ftate. 1 hole Who believe in th« i 
gifton , , may lay that the acid is dcphlogifli- 

. tg its phlogiflon to the nut d, 
is then Uizcd. it appears, however, to be \cry 

dhtinct from common acetous acid, and deferves to 
its properties mid compounds farther iu\citiga- 
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Concentrated acetous acid, of a great degree of Hcmtoob- 
ftrength may alio be obtained by diftilling terra folia- tain it jmrc 
ta tartari w ith vitriolic acid ; but Leonhardi obferves, ' ri)ri 
that the acid thus obtained is always more or lefs con- '"b ju tar- 
laminated with the volatile acid of fulphur. He ob- 
ferves alfo, that the method proposed of feparating 
the fulphureous acid by a fecond clilHllation from lalt 
of tartar is not effectual, becanle the fulphureous acid 
lias lefs attraction for alkalies than the acetous. Wcf- 
tendorf recommends the neutral fait formed by ace- 
tous acid and mineral alkali, inftead of the terra i 
ta tartari. Thus, in the iirft place, wc readily obtain 
cryftals free from the inllammable matter of the vine- 
gar ; and, in confequenee of this, though we diftil it 
afterwards w ith concentrated oil of vitriol, no fulphu- 
reous taint can be produced. Even fuppofing this to 
be the cafe (he fays), it may be removed by a fecond 
diflillation from fome mineral alkali. Mr Keir, hew- 
ever, obferves, that "p : ! the acids iliitillrcl 
from acetous felts by means of the vitriolic, partake 
ot the property of that procured by diftilling cryftals 
of verclegris ; and none of them can compare v. ith 
that from which Mr Louitz obtained acetous ether 
without addition, as a pure concentrated and unalter- 
ed vinegar." 



XIV. Acid of Bexzois. 
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The properties of this acid have been inveftigated by M. Lich- 
M. Liehtenllein, and are as follow, i. Expofed to tenflehi's 
the heat of a candle in a filver fpoon, it melts as clear » ccount °* 
as water, without burning, though it is deftroyed by l " P r0 P M " 
contact of flame. 2. When thrown upon coals, it eva- 
porates, without refiduum, in a thick while fmoke. 
3. It is not volatile without a confiderablc degree of 
heat. 4. By very flow cooling its aqueous folution 
yields large cryftals, long, thin, and of a feathery 
fhape. 5. It is foluble in the concentrated acids of 
nitre and vitriol, but feparates from them, without de- 
compofition, on the addition of warer. 6. By the 
other acids it cannot be diffolved without heat, and 
feparates from them alfo without any change, merely 
by cooling. 7. It is copioully diffolved by fpirit of 
wine, and precipitated from it on the addition of w r a- 
ter. 8. With alkalies it forms neutral falts, very fo- 
luble in water, and of a fharp faline tafte. With ve- 
getable alkali it forms cryftals of a pointed feathery- 
form : with mineral alkali it yields larger cryftals, 
which fall into powder on being expofed to the air ; 
and with volatile alkali it is difficultly cryftallizable in- 
to fmall, feathery, and deliquefcent cryftals. It is fe- 
parable from alkalies by the mineral acids. 9. With 
calcareous earth it forms white, mining, and pointed 
cryftals, not ealily foluble, and which have a fwcctifh 
tafte without any pungency. 10. With magnefia 
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fmall feathery cryftals are formed, of a Sharp faline 
tafte, and ealily foluble in water. 11. An aftringent 
fait is formed with earth of alum. 

All thefe ea'rthy (alts are eaSily decompofed by the 
mineral acids as well as by alkalies. The acid of ben- 
zoin it Self reddens litmus, but has little effect upon fy- 
rup -of violets. 

Meffrs. Hermbfladt and Lichtenfteinhave both tried 
the effects of nitrous acid upon that of benzoin. In 
this operation, however, a great obftacle arofe from 
the volatility of the acid of benzoin, which prevent- 
ed it from bearing any considerable heat without paf- 
iing over into the receiver. By repeated distillations, 
however, the acid of benzoin, diminished in its vola- 
tility, aSfumed a darker colour, and acquired a bitter- 
ifh tafte. A coal was alfo left at the bottom ; and, at 
the end of the third operation, when the nitrous acid 
had been all drawn off, M. Hermbfladt obferved that 
fome brown drops came over which had the appear- 
ance of a dark-coloured tranfparent oil, foluble in di- 
ftilled water, emittingacrid fumes, and having a very 
cauftic tafte. On diftflling this acid liquor a fecond 
time, a yellow faline mafs was obtained, which, when 
diffolved in diftilled water, formed a fluid acid, which 
precipitated a folution of fugar of lead and lime-water. 
On examining the charred refiduum left in the retort, 
he obferved, that, after calcination, fome of the earth 
had been vitrified, while another was of a foft confid- 
ence, and had acquired a cauftic tafte. From a mix- 
ture of the abovementioned dark-brown acid and fpi- 
rit of wine, he obtained an ether, which differed from 
the nitrous inbeing much lefs volatile, and fuelling like 
bitter almonds. 

From this refiduum Mr Lichtenftein obtained a re- 
finous fubftance, to which lie afcribes the volatility of 
the acid of benzoin, as well as the fmell of bitter al- 
monds already mentioned. 

Scheele failed in his attempt to obtain ether from 
flowers of benzoin and fpirit of wine ; but, by adding 
a little fpirit of fait, he obtained a kind of ether which 
fell to the bottom. On dissolving this in alkalized 
fpirit of wine, and drawing off the latter by diftilla- 
tion, he obtained from it a quantity of flowers of ben- 
zoin. From Peruvian balfam alfo Lehman obtained a 
quantity of the acid of benzoin. It may alfo be pro- 
cured from urine, either by precipitation, from the 
faponaceous extract (a), or by repeatedly diftilling 
from it fpirit of nitre, as in the preparation of acid 
of fugar. In the urine it is found combined with 
votatile alkali, by which it becomes foluble in fpirit of 
wine. 

XV. Sebaceous Acid. 

This is faid to have been firft discovered by Mr 
Gruitzmacker, who publiflied an account of it in 
1748. It was afterwards more accurately treated of 
by Mr Rhades in 1753. Its properties were invefti- 
gated by Meffrs Segner and Knappe in 175:4 ; and 
afterwards more fully by Dr Crell, of jvhofe difcove- 
ries an account is given in the Philofophical Tranf- 
Vol. IV. 
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actions for 1780 and 1782. It is found not only in 
the fat of all animals, but in Spermaceti, the butter 
of cocoa, and probably in other vegetable oils. In Se- 
veral refpects it fecms analogous to the marine acid ; 
but in others it is remarkably different, particularly 
in precipitating a folution of con olive fublimate. It 
is probable, however, that is principles are the fame 
with thofc contained in all other vegetable and ani- 
mal acids ; and this opinion is Supported by what hap 
pens on treating tallow in the uiual manner for ob- 
taining acid of fugar ; for thus, not the Sebaceous, but 
the Saccharine acid is found to be produced. It has a 
very great Strength of attraction, and by means oi heat 
decompounds even the vitriolic lairs then, Stives ; but in 
the moiSt way is expelled by the three mineral acids, 
though it expels all the vegetable ones as wtii as 
thoSe of fluor and arfenic. Its noft remarkable pro- 
perty is its effect on tin. The filings of this metal, 
efpecially with the alhftance of htat, are corroded by 
it into a yellow powder, and at 1 tic Same time ghe 
out a very fetid fmell. The folution, though filtered, 
Still continues turbid, and depolits more yellow pow- 
der, acquiring it the fame time a fine roSe-red co- 
lour. By adding water to this yellow powder, a 
wirite deliquefcent fait may be obtained, and a fimi- 
lar one obtained by dillolving a yellow powder pre- 
cipitated by this acid from Solution of tin in aqua- 
regia. 

It corrodes lead rather than diSfolves it ; but diffolves 
a considerable quantity of minium, and changes the 
reft to a white powder. This folution is fweetifh, and 
is not precipitated by common Salt. The metal is 
precipitated by febaceous acid frcm the nitrous, in 
white needle-like cryftals, eaSily foluble in water. A 
like precipitation takes place in folution of fugar of 
lead ; but the precipitate is ftill foluble in Strong vine- 
gar, provided it be not adulterated with oil of vitriol. 
In its elective attractions it agrees with the acids of 
apples and of fluor, preferring magntfia to fixed al- 
kali. 

XVI. Acid o/>calls. 

Though it has for along time been known that 
the infulion of galls has the property of reddening ve- 
getable juices, diffolving iron, and decomposing liver 
of Sulphur, thefe effects were generally afcribed to its 
aftringency. Of late, however, it has been found, 
that belides this aftringent principle a true acid exifts 
in galls ; and to this, rather than to the aftringent 
principle, are w r c to afcribe the properties of galls in 
Striking a black with folution of vitriol, &c. x ,, 7 

To feparate the acid from the other matters con- Me'hod of 
tained in the galls, we muft add fixed alkali to a de- Separating 
coctinn of them ; by which means the aflringent mat- ^ c acid - 
ter will be thrown down, and the acid remain in the 
liquor joined to the alkali, the precipitate, wafhed 
with clean water, dried, and rediSfolved, blackened a 
folution of vitriol but faintly, and no more than what 
may be fuppofed to proceed from fome remaining acid, 
which could not be abstracted. This is proved by di- 
F f ftilling 



(a) By this is meant urine evaporated to a thick confiftence, and deprived of moftof its Salts by folution in 
fpirit of wine. 
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ftilli-. .:cr in qucftion, when an add 

. which has the property ofblacken- 

f vitriol. Scheele has obferved, that 

«ce arc expofed 10 diftillation, an 

acid liquor riles or' an agreeable fmell, without oil, 

la a kind of volatile ia.11, which is the 

true acid of the galls. Hence he infers, that this fait 

irmed in the galls themfclves ; but 

fb much involved in fouie gummy or other matter, 

that it cannot be eaiily obtained feparately. 

The acid of galls is capable of being fcparated by 
lization. In an infufion made with cold water, 
Scheele obferved a fediment which appeared to have a 
cryltallinc form, and which was acid to the talte, and 
had the property of blackening folntion of vitriol. 
By expofing the infufion for a long time to the air, 
and removing from time to time the mouldy fkin which 
grew upon it, a large quantity of iediment was form- 
ed. On rediflblving this in warm water, filtering and 
evaporating it very llowly, an acid fait was obtained 
in (mall cryftals like fand, which had the following 
properties: 1. It tailed acid, etfervefced with chalk, 
and reddened litmus. 2. Three parts of boiling wa- 
ter dillolved two of the fait ; but 24 parts of cold 
water were required to didulve one. 3. It is like wife io- 
Inble in fpirit of wine; four parts of which are re- 
quired to dillblve one of the fait when cold, but only 
an equal quantity when alliitcd by a boiling heat. 
4. The (alt is deilructible by an open fire, melts and 
burns with a pleafant fmell, leaving behind a hard 111- 
folub'e coal, which does not eaiily burn to allies. 
5 By diftillation an acid water is rirft obtained with- 
out any oil : then a fublimate, which remains fluid 
while the neck of the retort is hot, and then cryftal- 
lizes. This fublimatehas the tafte and fmell of flowers 
ef benzoin ; is fallible in water and in fpirit of wine ; 
reddens litmus; and precipitates metallic folutions of 
the following colours, viz. gold of a dark brown ; fil- 
ler of a grey colour ; copper of a brown ; iron of a 
bl ick • lead of a white colour ; mercury of an orange; 
bifmuth, lemon-coloured. The acid of molybdasna be- 
came yellow coloured, but no precipitate enfued. So- 
lutions of various kinds of earths were not altered ; 
but lime-water afforded a copious grey-coloured pre- 
cipitate. 6. By treating this acid with that of nitre, 
in the manner directed for producing acid of fugar, it 
was changed into the latter. 

XVII. Idestitt of the Vegetable Acids. 

On the proofs of the identity of the vegetable acids 
with one another, Mr Keir makes the following re- 
marks • " The experiments and obfervations which 
have been made, prove evidently a ftrong analogy be- 
tween the acetous acid, fpirit of wine, tartar, and acid 
offuo-ar; and they feem to fhow the exiftence of a 
common principle or bafts in all of them, modified 
either by the addition of another principle not com- 
mon to all of them, or by different proportions of the 
fame principle. None of the opinions on this fub- 
ieft, however, are quite fatisfadory. The producf.cn 
of the acetous acid by treating fpirit of wine with 
otheracids, dots not prove that the acetous acid was 
contained in the fpirit of wine, but only in concur- 
c with them, that they contain fomc common pna* 
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There is no fact adduced to fupport Morvcau's identity 
, that fixed air is , during the jecnui J^X 

fermentation* or thai tlu prefence of this fixed air is ubUwt*. 
neccttary. The decouipofition of all vegetable acids 
bv heat, and the production therefrom of fixed and 
inflammable gale,, , ow that theft acids contain fome 
of the lame principles as thefe elalhc fluids but do 
not prove that the gafes exifted in the fluids. We 
rood reafbn to believe that acetous acid does not 
contain any fixed air already formed ; lor it yields none 
when vitriolic acid is added to it, or to foliated earth ; 
ncverthelefs, my opinion that vegetable and annual 
acids are, by heat, in a great meafure convertible into 
fixed air, feems to be lufhciently proved by experi- 
ments. Thus Hales has (hown the great quantities of l541 
this gas which tartar yields on diltillation. Berthollet Quantities 
has obtained the fixed and inflammable gales from fo- ;'^«- 
liated earth; and Dr Higgins has verified thiscxperi- «■« ^ 
ment, and deduced the quantities, t rom 7680 grains taincdfrom 
of foliated earth, the b'odor obtained. foliated 

Caultic alkali - 3862.994 grains. ,, irt h. 

Fixed air - M7v> 6 4 

Inflammableair - 1047.6018 

Oily matter retained in the re- 

fiduum 
Oil 

Water condenfed 
Deficiency attributed chiefly to 
water 
As fixed and inflammable gafes may be obtained 
from every vegetable fubltance by fire, nothing can be 
inferred from thefe experiments to explain particularly 
the nature of the acetous acid, excepting that it con- 
tains fome of the inflammable matter common to the 
vegetable kingdom, and especially of the matter com- 
mon to vegetable acids ; all which alio, whenanalyled, 
furnifh large quantities of thefe two gafes. 

« Although we are far (adds our author) from the 
knowledge requifite to give a complete theory of the 
acetous fermentation, yet it maybe ufi ful to explain 
the ideas that appear moll probable. In all the m- 
flances that we know of the formation of acids, whe- 
ther effected by combuftion, as the acids of fulphur and 
phofphorus, or by repeated abftra&ions of nitrous acid, 
as in the procefs for making acid of fugar, a very fen- 1543 
fible quantity of pure air is abforbed. In the cafe of Airabforb- 
combuftion we know, from the weight acquired, that £ r ™ n 
there is a great abforption of air; and in the latter of ^ acids#> 
cafe, of acids being produced by application of nitrous 
acid, as this acid conlifts of nitrous and pure air, 
and as in thefe operations a quantity of the nitrous gas 
is expelled, there feems but little doubt that there alfo 
the pure air of the nitrous acid is united with the fub- 
ltance employed in the formation of the new acid. 
Hence, from all thatwe know, the abforption of air takes 
place in all acidifying procefles. But it alfo actually 
takes place in the acetous fermentation, as has been 
obferved, particularly by the Abbe Rx>zicr ; and it is 
generally known, that air is ncceflary to the forma- 
tion ef vinegar. The next qucftion is, What is the 
bafis ? And from the experiments already related, of 
forming the acetous acid by means of fpirit of wine, 
it feems probable, either that this fpirit is the bans of 
the acetous acid, or that it contains this bafis : and 
from the convertibility of the acids of tartar and of 
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Identity of fugar into the acetous acid by the procciTes above de- 
thevege- {bribed, it feems probable that thefe alfo contain the 
fame common balis ; which, being united with a de- 
termined quantity of pure air, forms acid of tartar ; 
with a larger quantity, acidoffugar; and with a ftill 
larger, the acetous acid. 

" An inflammable fpirit is faid to appear at the end 
:1 , pi " of the diltillation of radical vinegar from verdigris. 
Now, if the ardent fpirit were contained in the verdi- 
gris, as it is more volatile than the acid, it ought to 
come over firft ; but as it appears only towards the 
end of the diflillation, it feems to be formed during 
the operation ; and I imagine, that the metal, when 
almoft deprived of its acid, attracts fome of the air of 
the remaining acid ; and the part or balis of the acid 
thus deprived of its air becomes then an inflammable 
fpirit, and in fome cafes an oil appears. But as the 
quantity of acid thus decompofed is very fmall, and 
little air of confequence remains united with the me- 
tallic part of the verdigris, the copper appears rather 
in a metallic than calciform ftate after the operation. 
But zinc, during its folution in concentrated vinegar, 
decomposes the acid as it does the vitriolic and other 
ftrong acids, and accordingly inflammable vapours are 
produced ; and what is remarkable, thefe vapours have 
a lulphureous fmell. Iron always, during its folution 
in concentrated vinegar, produces an expulfion of in- 
duced from flammable vapours ; which, however, do not explode 
it. like inflammable gas. 

1546 " We muft not imagine that we are yet able to ex- 

Ofthc con- pi a i n completely what panes in the acetous fermenta- 
f h tl0n > or tnat t ^ ie acetous a cid is a compound of mere 
acetous a- 6 fy^' 11 an d pure air. Belides this combination of fpirit 
c i,l. and air, it is obferved, that a precipitation always takes 

place before the fermentation is completed, of fome 
mucilaginous matter, which difpofes the vinegar to 
putrefy, and from which it therefore ought to be care- 
fully feparated. Stahl affirms, that without a depo- 
fitionof fuch fediment, vinegar cannot be made from 
fugar, wine, or other juice. Belides the matter that 
is depofited, probably as much remains in the liquor 
as can be diflblved therein ; for, by diftillation, much 
of a fimilar extractive matter is left in the retort. 
What the nature of this matter is, and how it is form- 
ed, has not yet been examined. Though diftillation 
frees the acid from much of this extractive fubftance, 
yet we have no reafon to believe that we have ever ob- 
tained it entirely free from inflammable matter; as 
it retains it even when combined with alkalies and 
with metals. When fugar of lead and other acetous 
falts are diftilled with a ftrong heat, the fubftances re- 
maining in the retort have been obferved topolfefs the 
properties of a pyrophorus ; and this will happen 
whatever pains have been taken to purify the vinegar 
employed. See the article Pvrophorus. This fa St 
mows the exiftence of an inflammable ma'ter in this 
acid ; and which mav perhaps be effential in its com- 
^f 47 pofition, and necefl'ary to its properties. Although 
ed'inv"™" fermentation is the uf ul mode of obtaining acetous 
riouschc acid, yet it appears from the iiiftanccs obferved by 
mical pro- latter chemifts, tljat it is nor efTential to its formation, 
ceiTes. b at that it is alfo formed in various chemical procefles ; 
and the aril obtained by diflillation from woods, 
wax, &c. are very analogous to vinegar, "t appears 
alfo on treating the acid of fugar with nitrous acid, as has 
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been obferved both by Weflrumb and Sclieclc. The Addition 
latter further acquaints us, that he obtained it in ana- to Se(a> *• 
lyling a tallow like oil, which remained undiflolved f 20- 
upon digefting ftarch in nitrous acid. As acid of fu- 
gar alfo may be obtained from a variety of animal fub- 
ftances, and as this acid is convertible into the ace- 
tous we have one reafon more added to many others, 
to prove that the matters of vegetable and animal fub- 
ftances are not capable of any chemical diftinction." 



XVIII. PiDDirioNto Sect. I. § 20. concerning the volati- 
lity of a Mixture of Marine and Nitrous Acids. 
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This is much lefs fenfible when the acids are weak Howtode- 
than when they are concentrated. On mixing the P rive aqua- 
two when moderately fmoking, and which had remain- re £ ia of Us 
ed for a long time feparate without occaiioning any vo a 1 1 ** 
difturbance, a vaftly fmoking aqua-regia has been pro- 
duced, which would either drive out the ftopple, or 
burft the bottle in warm weather. On diAilling a 
pretty ftrong nitrous acid from fal ammoniac, M. 
Beauine obferved, that the vapours which came over 
were fo exceedingly elaftic, that notwithftanding every 
precaution which could be taken in fuch a cafe, the 
diftillation could not be continued. By letting this 
efcape, however, Mr Cornette obferved, that the 
diflillation of thefe two fubftances may be carried on 
to the end without any inconvenience, and the aqua- 
regia will then be no longer troublefome. 

XIX. Test for Acids and Alkalies. 

The general method recommended for difcovering 
a fmall quantity of acid or alkali in any liquid, is by 
trying it with any vegetable blue, fuch as fyrup of 
violets ; when, if the acid prevails in the liquor, the 
fyrup will acquire a red colour, more or lefs deep ac- 
cording to the quantity of acid; or if the alkali pre- 
vail, it will change the fyrup green in like proportion. 1549 
Since the late improvements in chemiftry, however, the Inaccuracy 
fyrup has been found deficient in accuracy, and the °fthecom- 
infulion of turnefole, or of an artificial preparation mon s ' 
called litmus, have been fubftituted inftead of it. 
The infufion of litmus is blue, and, like fyrup of vio- 
lets, becomes red with acids. It is fo fenlible that it 
will difcover one grain of oil of vitriol though mixed 
with 100,000 of water. Unfortunately, however, this 
infufion does not change its colour on mixture with al- 
kalies ; it is therefore neceiTary to mix it with jufl as 
much vinegar as will turn the infufion red, which will 
then be reftored to its blue colour by being mixed with 
any alkaline liquor. The blue infufion of litmus is al- 
fo a teft of the prefence of fixed air in water, with 
which it turns red, as it does with other acids. 

The great fenfibility of this teft would leave very 
little reafon to fearch for any other, were it always an 
exact tell of the point of faturation of acids and alka- 
lies ; but, from the following fact, this appears to Mr 
Watt to be dubious. A mixture of phlogifticated ni- 
trous acid with an alkali will appear to be acid by the 
teft of litmus, when other tefts, fuch as the infuiion of 
the petals of the fcarletrofe, of the blue iris, of vio- 
lets, and of other flowers, will fliow the fame liquor to 
be alkaline, by turning green fo evidently as to leave 
no room to doubt. 

When Mr Watt made this difcovery, the fcarlet ro- 
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,ir!t ; and having occalion in 
e experiments in which the phlo- 
gifticatcd nitrous acid was concerned, he found his 
i paper almoit ufclefs. Searching, therefore, for 
fonic other vegetables which might ferve for a tell at 
all feafons of the year, lie found the red cabbage to 
anfwer his purpofc better than any other ; having 
more fenfibility with regard to acids than litmus, 
being naturally blue, and turning green with alkalies, 
and red with acids ; to all which is joined the advan- 
ofits being no farther affected by the phlogiitica- 
ted acid of nitre than as it acts as a real acid. 

T<5 prepare this left, Mr Watt recommends to take 
the frefheft leaves of the cabbage ; to cut out the 
Hems, and mince the thin pans of the leaves very 
; then to digeft them in water at about the heat 
of i 20 degrees for afew hoars, when they will yield 
blue liquor ; which, if ufed immediately as a teft, will 
be found to poffefs great fenfibility: but as in this 
ftate it is very apt to turn putrid, fome of the follow- 
ing methods muff be ufed lor preserving it. 

I. After having minced the leaves, fpread them on 
paper, and dry them in a gentle heat; when perfectly 
dry, pnt themup in glafs bottles well corked; and, 
when you want to ufe them, acidulate fonic water 
with vitriolic acid, and digeft or infufe the dry leaves 
m it, until they give out their colour; then drain the 
liquor through a cloth, and add to it a quantity of 
fine whiting or chalk, ftirring it frequently, until it 
becomes of a true blue colour, neither inclining to 
green nor purple ; when you perceive that it has ac- 
quired this colour, filter it immediately ; otherwife it 
become greenilh by Handing longer on the whi- 
ting. This liquor will depofit a (mail quantity of 
gypfum, and, by the addition of a little fpirit of wine, 
will keep good for fome days ; but will then become 
fomewhat putrid and reddilh. If too much fpirit is 
added, it deltroys the colour. If the liquor is wanted 
ro keep* longer, it may be neutralized by a fixed alka- 
li i utead of chalk. 

2. As thus the liquor cannot be long preferved 
without requiring to be neutralized afrefh juft before 
it is ufed ; and as the putrid fermentation which it 
undergoes, and perhaps the alkalies or fpirit of wine 
mixed with it, feem to lefTen its fenfibility j in order 
topreferve its virtues while kept in a liquid ftate, fome 
frelh leaves of the cabbage, minced as above directed, 
may be infufed in a mixture of vitriolic acid and wa- 
ter, of about the decree of acidity of vinegar; and it 
he neutralized, as it is wanted, either by means 
of the fixed or volatile alkali. It muft 
be obferved, however, that if the liquor has an ex- 
of alkali, it will foon lofc its colour, and become 
yellow; from which ftate it cannot be reftored ; care 
Id therefore be taken ro bring it very exactly to a 
J not to let it \ ards a green, 

.is manner, Mr Watt prepared arediofufibn 



Volatile 

alkali. 
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[enable teft, though he did not know how I 

d ; but In 
that the coloured infufiona of i 

preferved in the fame manner by i ptic power 

of the vitriolic acid, in fucha manner as to lolclitilc 
of their original fenfcbility. Paper frefh ftained with 
lefts, in their neutral ftate, has luHicicni fen- 
fibility for many experiments ; hut the alum and glue 
which enter into the preparation of writing paper, 
feem, in fome degree, to fix the colour; and paper 
which is not fixed becomes fomewhat transparent 
when wetted; which renders final 1 changes of colour 
imperceptible. Where accuracy is required, there- 
fore, the teft mould be ufed in a liquid tafte 
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4. Our author has found that the inlufion of red Y^ rio *!°" 
cabbage, as well as of various flow ers in water, a- thcru *" 
adulated by means of vitriolic acid, are apt to 
turn mouldy in the fummer feafon, and likewife that 
the moulding is prevented by an addition of fpirit of 
wine. He has not been able to afcertain the qi 
tity of fpirit nccellary for this purpofc, but adds i> by 
little and little at a time until the procefs of monk!- , 

ing is flopped. — Very feniible tells are afforded by 
the petals of the fcarlet role, and of the pink coloured 
lychnis treated in the abovementioned manner. 

XX. Volatile Alkali* 

MrHiggins claims the firft difcovery of the con- T ^ j 
flituent parts of volatile alkali, or at leaft of an expe- Volatile af- 
riment leading to it. "About the latter end of kali prepa- 
March 1785 (fays he), I found that nitrous acid rtd from 
poured on tin filings, and immediately mixed with l V?' ou !' a r 
fixed vegetable alkali, generated volatile alkali in u ar 
great abundance : fo lingular a fact did not fail of 
deeply impreffing my mind, though at the time I could 
not account for it. About a fortnight after, I men- 
tioned the circumftance to Dr Brocklefby. He told 
me he was going to meet fome philosophical gentle- 
men at Sir Jofeph Banks's, and dclired I would ge- 
nerate fome alkali to exhibit before them: according- 
ly I did ; and had the pleafure of accompanying him 
thither. The December following I mentioned the 
fact to Dr Caulct, and likewife the copious genera- 
tion of volatile alkali from Pruffian blue, vegetable 
alkali, and water ; on which we agreed to make a fet 
of experiments upon the fubject. At prefent I fliall 
only give an account of the following, which drew 
our particular attention. Into a glafs cylinder, made 
for the purpofe, we charged three parts of alkaline 
air, and to this added one part of dephlogifticated air; lsss 
we palled the electrical fpark repeatedly in it, with- Effects of 
out apparently effecting the fmalleft change. When tlie ele&rle 
it had received abont 100 ftrong lhocks:, la.fmall quan- f P ai "k°n t. 
tity of moifture appeared on the fide« of- the glafs, 
and the brafs conductors feemed.; to; be corroded ; 
when we had palled 60 more fhock,«;in.-if, • the quan 
tity of moifture feemed to increafe,, aud acquire a 
greenilh colour, though at this time the column of air 
Suffered no diminution. On examining the air, it 
burned with a languid greenilh flame, from,which we 
inferred that the dephlogilticated air was' totally con- 
denfed: it ftill retained an alkaline finell ; and the alka- 
line part was not readily abforbed by water. 

" From 
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** From Mr Cavendilh's famous difcovery of the 
condiment parts of water we could readily account 
for the lofs of the dephlogifticated air in this experi- 
ment ; but the quantity of water was more than we 
could exped from this : therefore water mull have 
been precipitated from the decompofed alkali ; for 
volatile alkali, from its great attraction to water, 
mult keep fome in folution even in its aeriform ftate. 
From the above circumftances it might be expected, 
that a contraction of the column of air fhould take 



kali. 



True com- place ; but it muft be confidered, that the union took 
pofition of place gradually in proportion as the alkali was de- 
volatile al- compofed ; and that, in this cafe, the expanfion mull 
equal the condenfation. During the fpring of 1 786 
I had often an opportunity of mentioning different 
facts to Dr Auftin relating to volatile alkali, who at 
that time was too much engaged to pay attention 
to the fubject. In the end of Auguft 1787, he 
gave me an account of a fet of experiments which he 
had made, and which actually proved, that volatile 
alkali confifts of light inflammable and phlogifticated 
airs ; not knowing at that time what Meffrs Houf- 
man and Berthollet had done. Without depreciating 
the merit of thefe two gentlemen, Dr Auftin has an 
equal claim to the difcovery, laying afide priority ; as 
his experiments are as deciilve as theirs. Dr Prieftley 
made the firft ftep towards our knowledge of volatile 
alkali." £* 

XXI. Prussian Blue. 
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ters. 
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The acid of this fubftance, as far as it contains an 
Woulfe's acid, is fuppofed to be that of phofphorus. Mr Woulfe 
teft for mi- propofed a teft of this kind for difcovering iron in mi- 
neral wa- neral waters, which, he obferved, would not be affected 
by acids ; but the lixivium defcribed by him had the 
bad property of letting fall the Prulfian blue it con- 
tains in a few weeks. The precipitate of copper, 
however, treated again with alkali, retained this pro- 
perty upwards of nine months. The volatile alkali, 
he obfcrves, is diffolved by the Pruflian acid; and the 
cryftals depofited are rendered blue by the colouring 
matter, though the colour at firft is loft by the union 
EffecVof it °f tnc alkali with the fubftance already made. The 
on various metals were precipitated by this teft of the following 
metallic fo- colours : Gold of a brownifh yellow, the precipitate 
lutions. afterwards becoming of a full yellow ; platinaof a deep 
blue, but when quite pure, of a yellow colour, turning 
flightly green. Silver in the nitrons acid was preci- 
pitated of a whitiih colour; copper from all the dif- 
ferent acids was precipitated of a deep brown colour, 
the liquid remaining greenifh ; green vitriol let fall a 
deep blue powder, leaving a colourlefs lixivium ; fugar 
of lead and muriated tin gave a white powder ; nitra- 
ted mercury a white or yellowifli precipitate ; the 
Illfeld manganefe a brownifh, but that from Devon- 
ihire a blue, which firft became aih-coloured and 
then reddifh. Nitrated bifmuth afforded a white 
precipitate, and the lixivium was (lightly green : mu- 
riated antimony yielded a white precipitate, with 
a yellowilh lixivium: vitriolated zinc a whitiih : co- 
balt in aqua-regia a reddilh white powder : the pre- 
cipitate of arfenic and the different earths was com- 
monly white, 



S T R Y. 

XXIII. Mew Chemical Nomesclatur.es. 

I. Of that propofed in 1 78 7 by Meffrs Morveau, Berthol- 
let, Fourcroy, and Lavoijier. 

When this nomenclature was firft publifhed, M. La- 
voifier.informs us, that fome blame was thrown ttpon 
the authors'for changing the language, which had re- 
ceived the fanction of their mailers, and been adopted 
by them. In anfwer to this, however, he urges, that 
Meffrs Bergman and Macquer had expreffed a with for 
fome reformation in the chemical language. Mr Berg- 
man had even written to M. Morveau on the fubject in 
the following terms. cl Show no favour to any impro- 
per denomination : Thofe who are already poifeffed of 
knowledge, cannot be deprived of it by new terms ; 
thofe who have their knowledge to acquire, will be 
enabled by your improvement on the language of the 
fcience to acquire it fooner." 

The following is M. Lavoifiers explanation of the 
principles on which his new language is compofed. 
"Acids confift of two fubftances, belonging to that 
order which comprehends fucli as appear to us to be 
fimple fubftances. The one of thefe is the principle 
of acidity, and common to all acids ; from it therefore 
ihould the name of the clafs and genus be borrowed : 
The other, which is peculiar to each acid, and diftin- 
gui flies them from one another, fliould fupply the fpe- 
cific name. But in moll of ^he acids, the two conlti- 
tuent principles, the acidifying and the acidifyed, may 
exill in different proportion, forming different degrees 
of equilibrium or faturation ; this is obferved of the 
fulphurk and fulphureous acid. Thefe two llates of the 
fame acid we have expreffed by varying the termina- 
tion of the fpecific name. 

" Metallic fubftances, after being expofed to the 
compound action of air and fire, lofe their metallic 
luftre, gain anincreafe of weight, and all'ume an earthy 
appearance. In this ftate they are, like acids, com- 
pound bodies, confifting of one priuciple common 
to them all, and another peculiar to each of them. 
We have therefore in like manner claffed them under 
a generic name, derived from the principle which is 
common to them all. The name which we have adopt- 
ed is Oxide : The peculiar names of the metals from 
which they are formed, ferve to diftinguifli thefe 
compounds from one another. 

" Combftuible fubftances, which, in acids and me- 
tallic oxides, exift as fpecific and peculiar principles, 
are capable of becoming, in their turn, the common 
principle of a great number of fubftances. Combina- 
tions of fulphur, were long the only compounds of this 
fort known : but of late the experiments of Meffrs 
Vandermonde, Monge, and Berthollet, havefliown that 
coal combines with iron and perhaps with various o- 
ther metals ; and that the refult of its combination 
with iron are, according to the proportions, fteel, plum- 
bago, ire. It is alfo known from the experiments of 
M. Pelletier, that phofphorus combines with many 
metallic fubftances. We have therefore arranged thefe 
different combinations together under generic names, 
formed from the name of the common fubftance, with 
a termination indicating this analogy ; and have dif- 
tinguilhed them from each other by fpecific names de- 
rived from the names of the peculiar fubftances. 

« I, 
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Mr Wieg- 
lcb's no- 
mencla- 
ture. 



>re difficult to form a no- 

thofc three limplc 

, becaufc tin \ wry mum 

Hill more, becaufe it is impofllble to exprefr the na- 

nftituent principles, without ufmg more 

Id I lies belonging to this clafs, 

fuch as neutral /alts forinftance, we had to conlkler, i. 

the acidifying principle common to them all ; 2. the 

acidifiablc principle which pcculiari/.es the acid ; 3. 

the (aline*, earthy, or metallic bale, which determines 

.rticular fpecies of the (alt. We have derived the 

name of each clafs of falts from that of the acidifiable 

principle, common to all the individuals of the clafs; 

and have then diftinguifhed each fpecies by the name 

of the /'• v metallic bafe peculiar to it. 

" As fait, confuting of any three principles, may, 
Without lofing any of thefe principles, pafs through dif- 
ferent Hates by the variation of their proportions; 
our nomenclature would have been defective without 
exprcllions for thefe different ftates. We have expref- 
fed them chiefly by a change of termination, making 
all names of falts in the fame ftate to end with the 
fame termination." 

2. Nomenclature by M. Wiegleb. 

In Wicgleb's General Syftem of Chemiftry tranfla- 
ted by Hopfon, we have another nomenclature formed 
on different principles. In this he gives to fixed ve- 
getable alkali the name of Spodium, from the Greek 
word a-roS<Q*(af}ws ). Themineralalkalihecalls;/<7//7^/V, 
the name by which it was anciently diftinguifhed ; and 
the volatile alkali amm&nhnu, from fal ammoniac which 
contains it in great quantity. The compound falts 
may be diftinguiihed into double, triple, and quadru- 
ple ; though, in the fcheme given in the work, the firft 
divilion is omitted, as tending only to create confulion. 
The irregular falts, confifting of thofe which are triple 
and quadruple, are admitted. Such as are imperfect 
by reafon of an excefs of acid, he fays, are belt deno- 
minated by convening the adjective, expreffive of the 
bafe, into a participle ; a practice which, on many oc- 
cafions, though countenanced by the authority of a late 
eminent writer, feems aukward and ftiff. The excefs 
of acid is denominated by the word hyperoxys, and a 
defect of it by hypoxys. Hence his denominations are 
formed in the following manner. 

Salts with excefs of acid. Cream of tartar, or tarta- 
rus fpodatus, or tartaroxys fpodicus. Acid vitriolated 
tartar, or vitriolum fpodatum, vitrioloxys fpodicus. 

The falts which are imperfect from a defect of acid 



turcs. 



acum acrocraticum, 
Chalk, or calx acrocratica, 

Borax, or natrum boracicum. 



have ihc ir denominations by mentioning the bafe b< f< re Nop 
the acid, and exprelling the former fubitamhcly, th< 
latter adjecthrely. Thus, 

Salt of tartar, aerated vegetable C Oxyfpodium, ae- 
alkali, (podium acrocraiieuin, £ rocraiiciun. 

Aerated volatile alkali, ammoni- j Oxyanimoniutn 

£ aerocraticuni. 
C Oxycalcitis aero- 
£ craticus. 
f Oxynatrum bora- 
£ cicum. 

With refpect to other terms, Mr Wiegleb expreffes 
the acid with which any bafe is combined, by the ter- 
mination cratia, from the Greek <tfar<&, (roburj, added 
to it ; excepting only thofe with the nitrous and mu- 
riatic acids: and thefe (for what reafon does not ap- 
pear) he calls Aponitra and Epiwurhv. His genera of 
falts are as follow. 

I. Vitriols (Sulphurocratia). 2. Nitres ( Apouitra). 
3. Murias (Epimurix). 4. Boraxes. 5. Fluoricrates. 
6. Arfenicrates. 7. Barylithicrates, (thofe with acid 
of tungften). 8. Molybdajnocrates. 9. Photocrates, 
(with acid of phofphorus). 10. Electrocrates. ii.Oxy- 
crates, (with the acetous acid) ; or epoxy crates, with the 
aerated acid). 12. Tartars ; or, with the acid changedby 
fire, pyro-tartars. 13. Oxalidicrates. 14. Cecidocrates 
(with the acid of galls). 15. Citriocrates. 16. Mcli- 
crates (with the acid of apples). 17. Benzicrates. 18. 
Xylocrates. 19. Gummicrates. 20. Camphoricrates. 21. 
Aerocrates. 22. Galacticrates. 2?. Gala-melicrates 
(with acid of fugar of milk). 24. Myrmecicrates. 25. 
Cyanocrates (with the colouring matter of Pruffian 
blue). 26. Steatocrates. 27. Bombycicrates. 28. Zoo- 
lithocrates, (with acid of calculus). 

On the fubject of nomenclatures it is obvious to 
remark, that whatever may be the defects of the old 
one, we are ready to be involved in much greater dif- 
ficulties by the introduction of a new one. Or fup- 
pofing a new language to be adopted, where would 
be the fecurity for its permanence ? That which ap- 
pears moft fpecious at one period, may ftill be fu- 
perfeded by the refinements of another; and colourable 
pretenfions would never be wanting to fucceffive inno- 
vators. Hence a continual fluctuation, and an endlefs 
vocabulary. As the nomenclature firft abovemention- 
ed, however, has attracted no fmall degree of attention, 
•we [hall here fubjoin a fcheme of it, as well for the fa- 
tisfaction of our readers in general, as for the gratifi- 
cation of thofe in particular who may have imbibed the 
do&rines of its authors. 
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in. 
EDUCED THE SAME SUBSTANCES COMBINED 



MY THE 
C. 



}'uated or vital 



hie gxs. 

zted air^ Ot at- 
■ic mephitis 



III. 



WITH OXIGENE. 



TV. 1 V. I Vf. 

THE SAME SUBSTANCES IN AN OXI- THESE OXIGENATED SUBSTANCES THE SAME PRIMARY SUBSTANCES 
GENATED GaZEOUS STATE. NEUTRALIZED BY EHE ADDI- COMBINED WITH OTHER SUBSTAN- 



VAMES NEWLY IN- 
VENTED OR ADOPTED. 



ANCIENT MAME! 



Water. 

The bafeof nitrousgas. 
Nitric acid. 
With an excefs of azote. 
Nitrous acid. 
Carbonic acid. 



Sulphuric acid. 



With lefs oxlgcne, 
Sulphureous acid. 



Pliofphoric acid. 

With a f mailer proper- 

lion of oxigene, 
Flofphorous acid. 
Mpriatic acid 
W]fh an excefs of oxl- 



Water. 

'the bafe of nitrous gas. 
White nitrous acid. 



NAMES NEWLY IN. 
VENTED OR ADOPTED. 



ANCIENT NAMES. 



NAMES NEWLY IN- 
VENTED OR ADOPTED. 



Nitrous gas. 
Nitrous acid gas. 



Fuming nitrous acid. 
Fixed air, or tictacecus Carbonic acid gas. 
acid. 

Vitriolic acid. 



NEUTRALIZED BY EHE ADDI- 
TION OF BASES. 



ANCIENT NAMES. 



Sulphureous acid. 



Phofphorlc add. 



Fuming or volatile phof 

phoric acid. 
Mai ine acid. 



O.-Jgenated muriatic 

acid. 
i.V rucic acid. 



Fixed air, mephltlc air. 



Sulphureous acid jas." Sulphureous acid gas. 



Nitrate of potafli. 

of foda, &c. 

(Nitrite of potafh. 
L . ("of lime. 

La , rb °- }ofpotafh,&c 
nate. / r - z,„ 
of iron,occ. 

of potafli. 
of foda. 
of lime- 
Sulphate { of alumin- 
[ ous earth. 
I of barytes. 
(_of iron, &c. 
Sulphite of potafh, &c. 



Muriatic acid gas. 



Dephloglfthated marine Oxigenated muriatic 



::c atiu. 



Succinic acid. 



Acetous ac.J 



acid. 
Sedative fait. 



Acid offpar. 

Volatile fait of amber. 

I) {filled vinegar. 



acid gas. 



Fluoric acid gas. 



Marine acid gas. 



Dephloglfthated marine 
acid gas. 



Spalhofe gas 



Common nitre. 
Cubic nitrr. 



Chalk. 

Rffervefcent alkalies. 

Rujl of iron, iS'c. 

Vitriolated tartar. 

Glauber fait. 

Selenite. 

Alum. 

Ponderous f par. 
Vitriol of Iron, life. 
Stahl 's fulphureous fait. 



CES BUT NOT AICIDIFIED. 



NAMES NEWLY IN- 
VENTED OR ADOPTED. 



ANCIENT NAMES. 



Carbure of iron. 



Phofphate of foda. 

Calcareous phofphate. 

Superfaturated phof- 
phate of foda. 

< hofphiteof potafh,&c 

Muriate of potafh 

Muriate of foda. 

Calcareousmuriate,&c 

Ammoniacal muriate. 

Oxigenated muriate of 
foda, &c. 

Borate fi perfaturated 

with foda, or borax 

Borate of|foda,&c.yoa' l j 

fafurated^bjth the acid. 

iFluate ociime, &c. Fluor fpar. 



Phofphorlc jalt ivltb a 

bafe of natrum . 
Earth of bones. 
Haupfsfal perlatum, 



Febrifuge fait of fylvlus 
Marinefalt. 
Calcareous marinefalt, 
Sal ammoniac. 



Common borax. 



Succinate of foda, &c. — 



r of potafh. 
of foda. 



Terra foliata tartars. 
Mineral terra foliata. 



*J of iron. 

Sulphure L ofantimo. 
3 of lead. 

Sulph. hydrogen, gas. 

Sulphure of potafh. 

Sulphure of foda. 

Alkaline fulphures 
with metals fufpend- 
ed iu them. 

Alkalinefulphure with 
carbonaceous mat- 
ters fufpended in it. 

Phofphorifed hydro- 
genous gas. 

Phofphure of iron. 



Plumbagit. 

FaiTsthus Iron pyrites. 

Antimony. 

Galena. 

Hepatic gas. 

Alkaline fivers offulphur 

Metallic livers of ful- 



Liver of fulphur ivith 
carbonaceous matters 
fufpended In It. 
Phofphorlc gas, 

Syderite. 



Rcgulus of cobalt. 



Rcgulus of antimony. 



Vitriftable earth, quartz , 

&c. 
Clay, or earth of alum. 
Terra ponderafa. 
Calcareous earth. 

Vegetable fixed alkali of 

tartar, \Ztc. 
Mineral alkali, marine 

alkali, natrum. 
Fluor, or caujiic volatile 

alkali. 



Ammoniacalgas. 



Alkaline 



gas. 



Cknle of nickel. 
Grey ? oxide of 

Vitreous 5 cobalt. 



Calx oi 

Calx cf ctbalt. 



White 



-. Magijlery of bifmuth, or 
/ oxide of -white paint. 

bifmuth. Yellow calx of bifmuth 

j ia Glafi of bifmuth. 

- "^Ybv the ni- Diaphoretic antimony. 
trous acid, 

by the muri- Powder of Algaretti. 



Oxide 



1 atic acid, 
- fublimated. 



Alkaline cobaltic Precipitates of cobalt a- 

oxides. S ain diffolved by al- 

kalies. 

Sulphurated oxide of Bifmuth precipitated by 
bifmuth. **"" offdpbur. 



Grey calx of antimony, 
Sulphurat- Kermes mineral. 



Flowers or fnoiv of an- 
mouy I timony. 

I vitreous. Glafs °f regulus of an 

(_ timony . 

Oxidte of zinc. Calx of zinc. 

Sublimated oxide of Flowers of zinc, pom 



Hack 7 ., f . 
. . , y oxide ot iro: 
led ^ 

Vhite oxide of tin. 

White ") 

Yellow / oxide of 
Red f lead. 
1 "itrcous J 



phalix, &c 
Martial athiops, 
Afringent faffron of 

Mars. 
Calx, ot putty of tin. 

Cerufe, or while had. 

Mafficot. 

Minium. 

Litharge. 

Brown calx of copper . 



Grey 
Red 

Orange f 0Xlde ° f Golden fulphur, 

Vitreous V antim ° ny ' Glafs and liver of anti- 
mony. 

Alkaline oxide of an- Rotrou s folvent 
timony. 



Sulphurated oxide of Precipitate of zinc by 
zinc. li "" er e f fulphur or 

factitious blende. 

Sulphurated oxide of ' 
iron. 



ked 

<freen [ oxide of cop- Green calx of cop 

per 
line 3 
] Iackifli 
fellow 
fled 
dxide of filver. 



mercurial 
oxide. 



(Ixide of platina. 
( xide of gold. 



or verdigris . 
Mountain blue. 
Mthiops per fe. 
Turbith mineral. 
Precipitate perfe. 
Calx offdver. 

Calx of platina. 
Calx of gold. 



v., , rfulphiirated JEthiops mineral. 

R^d ? 0Xide ° f mer " C '""« iar ' 
Ccury. 

Sulphurated oxide of — — 

filver. 



Yellow fulphurated A " rum ">affivu m . 

oxide of tin. 
Sulphurated oxide of 
lead. 



Ammoniacal oxide of 
copper. 



es in the lower part of this col, cannot b e reduced into a gazeous ftate, and not only they, but feveral o f thofc in the upper part ; we have therefore changed at this place the title of the column, and fubftituted another, 

Denominations newly appropriated to feveral Subftances, which are more compound in their Nature, yet enter into new Combinations withot 



Glutinous matter, 
or gluen. 



Sugar. 



Glutinous matter. 



Saccha- 
rine 
mailer. 



Starch. 



Amylaceous 
matter. 



Fixed oil. 



Volatile oil. 



Fat oil. 



Effential oil. 



The aroma, or 
aromatous 
principle. 



Spirit us reSor . 



Refin. 



Refn. 



Ex.tracT.ive matter. 



Extractive matter. 




in which the 
extractive 
matter pre- 
dominates. 



Refinous Tin which the 
xtractive < refin predo 
matter. C. minates. 



Feculum. 



Feculum'. 



Alcohol, 



Spirit of 



14 
("of potafli. 

I of gr.aia- 

Alcobol <{ of fcam- 
j moneum. 
I of myrrh, 

_[_ &c. 

Alkaline iintlure. 
Tinclure of guaiacum 
■ ■•■ — fcaWimoni- 
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TABLE, mowing the Manner in which Natural Bodies, confidered in a Chemical View, may be 
divided into ClalTes; with their feveral Subdivisions; their Properties defined; and the Manner in 
«rK;^K ►k^, o^ ^Kf-ai'nprL nninted out. 



which they are obtained, pointed out. 



NATURAL BODIES, confidered as the Objetls of Ghemflry, may be divided into the folio-wing Clajfes, viz* 
I. Salts. 2. Earths. 3. Metals. 4. Inflammables. 5. Waters. 6. Airs. 

I. SALTS. 

These are foluble in water, fapid, and not inflammable. They are either Acids or Alkalies. 
I. Acids are diflinguifhed by turning fyrup of violets red, or forming with alkalies neutral falts ; and are fuppofed to con- 
fift of dephlogifticated air condenfed, as their acidifying principle. The different acids yet known are, 

1. Vitriolic, fixed. The moll ponderous of all fluids next to mercury, the molt fixed in the fire, and the moft powerful as a 
folvent of all the acids. Obtained chiefly from fulphur by inflammation. 

2. Vitriolic, volatile. Obtained alfo from fulphur -by inflammation ; air being admitted during the procefs. It acts lefs pow- 
erfully as a folvent than when in its fixed ftate. 

3. Nitrous or Aquafortis : a volatile fluid, generally met with of a reddifh colour, and emitting noxious fumes, when in its con- 
centrated ftate ; though this is found not to be ell'ential to it, but owing to a mixture of phlogifton. In its pure ftate it is al- 
moil as colourlefs as water, and fmokes very little. It is next in flrength to the vitriolic acid, and obtained chiefly from nitre. 
It confifts of dephlogifticated and phlogifticatcd air condenfed, and may be obtained by taking the elect ric fpark for a long 
time in a mixture of thefe. By uniting with fome metals it appears to be converted into volatile alkali. 

4. Muriatic, or fpirit of fa- fait. A volatile fluid, generally of a fine yellow colour; though this alfo is owing to the admix- 
ture ©f foreign fubflances, generally of iron. Inferior in power to the former, and obtained from fea-falt. Naturally this acid 
feems to be in an aerial ftate, but eafily contracts an union with water. On mixture with manganefe, it is wholly converted into 
a yellow, and almoft incondenfible vapour, called dephlogifticated fpirit of fait ; but which, on mixture with inflammable air, re- 
compofcs the marine acid. 

;. Fluor acid. Obtained from a fpecies of fpar: has little acid power, but is remarkable for its property of corroding glafs. 

6. Acid of borax, or f dative fait. Obtained from borax in the form of fcaly cryftals ; found alfo naturally in fome waters in Italy, 
and in certain minerals in other countries. 

7. Acetous acid. Obtained by allowing any fermentable liquor to proceed in the fermentation till paft the vinous fla^e. It is 
much lefs corrofive, and lefs powerful as a folvent, than the vitriolic, nitrous, or marine acids. 

5. Acid of tartar. Procured from the hard fubftance called tartar, depofited on the fides of wine veffels. 

9. Acid offugar. Found naturally in the juice of forrel, and procured artificially by means of nitrous acid from fugar and a great 
variety of other fubflances. Affumes a dry form. 

10. Acid of phofphorus . Obtained artificially from urine, and in large quantity from calcined bones ; found naturally in fome kinds 
of lead-ore; and in vaft quantities in Spain united with calcareous eartb> Affumes a folid form, and melts into glafs. 

11. Acid of ants. Procured from the animal from which it takes its name, by expreffion or diitillaticm, in a fluid form. 
Acid of amber. Obtained in a folid form from amber. 

Acid ofarfenic. Obtained from that fubftance by means of nitrous acid. Is extremely fixed in the fire. 
Acid ofmolybdjena. Procured from that fubftance by means of nitrous acid. Refembles a fine white earth. 
Acid of lapis ponderofes, tungfen, ox -wolf ram. Obtained as an acid, perfe, from this fubftance by Mr Scheele ; but its real aei» 
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dity is denied by other chemitts. Is in the form of a yellow powder. 
Acid of milk. Obtained in a fluid form from that liquor. 

Acid offugar of milk. Obtained in form of a white powder, by means of nitrous acid, from fugar of milk. 
Lithifiac acid Obtained in a folid form from human calculus, by means of nitrous acid. 
Acid of benzoin. Obtained in a folid form from that gum by fublimation or lixtviation with quicklime. 
Acid of lemons. Obtained from the juice of that fruit by cryftallization. 
Sebaceous acid y or acid f fat. Obtained in a fluid ftate from fuet by diftillation. 
Acid of citrons. Obtained in a fluid ftate from the juice of that and other fruits. 
Acid of apples. Obtained in a fluid ftate from the juice of apples and other fruits. 
Acid of forrel. Obtained in a folid form from the juice of that plant ; the fime with acid of fugar. 



They are, 
A deliquefcent fait. 
A folid cryftaHine fait, fometimes found native, as the natrum of Egypt ; and fometimes by burning tea- 



II. Alkalies. Thefe turn fyrup of violets green, and with acids form neutral falts. 

1. Fixed vegetable, or Pot-ajh. Always obtained from the alhes of burnt vegetables. 

2. Fixed foflile. 
weed as kelp. 

3. Volatile. Obtained from fal ammoniac, from the foot of burning bodies, and from the putrefactive fermentation. It in 
'naturally in the ftate of an invifible and elaftic vapour, conftituting a fpecies of aerial fluid, and confifts of phlogifticatcd and. 

inflammable air. 

Acids, by their union with other bodies, form 

Metallic Salts. 



Neutral Salts. 
Thefe are always compofed of 
an acid and an alkali, and 
are of many different kinds, 
as may be feen in the fol- 
lowing table, 



Earthy Salts. 
Compofed of an acid joined to 
an earthy bafis, as alum and 
gypfum. See the following 
table - 



Formed of an acid and metal. 
The principal of thefe are 
vitriols; the others may be 
feen in the following table. . 



Essextial Salts. 
Obtained from vegetables, and 
contain an acid joined with 
the juices of the plant in a 
particular manner not to be 
imitated by art. To thefe be- 
long fugar, manna, honey, 
and others of that fort. 

II. EARTHS 
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II. EARTHS. 

Ac in water, nor inflammable ; and iffufed in the fire, never refume their earthy form again, 
divided into ah «"• 

I. :- e capable of being united with acids, and are cither calcareous, or not calcareous. 

a, The calcareous abforbent earths arc, 

1. H . This is of infinite variety as to colour and texture. Marble is the hardcfl and fincft. Tliofc kinds of 

o the touch, are generally impregnated with clay: thole that feel gritty, or \\ lure the lime 
itain (and , this is the belt lor building ; the other for manure. 

2, I white, friable, foft iubftance. This is much more free of heterogeneous matters than any limeftone, and is calily 

into quicklime. It is probably nothing elfe than limeftone fiddenly concreted without bein| cryftallized. 
- : . calcareous earth, and yield a very line quicklime. Thefe are ufed in medicine. 

" /( . 7 white earth fomctimes found combined with fixed air, but more commonly with the vitriolic acid; 

and forming with it a very heavy compound, named fpathum ponderofum. It is found in mines and veins of rocks. 

h, The abforbent earths which cannot be reduced into quicklime are, 

I# A white earth, ufually found combined with the vitriolic acid, and forming bitter purging fait. Ii is like* tfe 

led from the mother-ley of nitre, the allies of burnt vegetables, 

2 . I ,vu A particular kind of abforbent earth, found in many places mixed with fulphurcous pyrites, as in Yorkfliirc, 
&c. Clay of any kind may by a particular procefs be converted into this earth. 

3. Earth of a 1 his is obtained by the calcination of animal fubllances, and by precipitation in the procefs for making 
acid of milk. It can hardly be converted into glafsj and is therefore ufed as a bails for white enamels, &c. It is faid to conlilt 
of the pholphoric acid united to calcareous earth. 

II Cn St OJJKE or VlTtMSCENT Earths t arc hard, and ftrikc fire with ftccl ; may be calcined in the fire ; but are not foluble in acids. 

Of this kind are, 

1. Savd and Flint ; found plentifully every where. With alkaline fubllances they are eafily changed intoglafs; and hence arc 

ten 

2. Precious fiones of all kinds are li^wilc referable to this clafs ; but they are of a much greater degree of hardnefs and tranf- 
parency than the others. S 

III. Argillaceous Earths arc digftinguifhed by acquiring a very hard confidence when formed into a paftc with water, and expofed 

to a confiderable degref of heat ; not foluble in acids. They arc, 

,. C 1. It is of many different colours; but chiefly red, yellow-, or white. The pureft is that which bums white in 

the tire. 

2. Medical boles. Thefe are of different forts j but are only a purer kind of clay, fometimes mixed with, a little iron or other matters. 

5. Lath nephritic**, or fteatite. Thefe are indurated clays, found in various parts. They are at firft foft and readily cut ; but 
turn extremely hard in the air. Many other varieties of thefe earths might be mentioned; but as they do not differ in their 
chemical properties fo much as in their external appearance, and being all mixed with one another, they more properly be- 
long to the natural hiftorian than the chemill. 

III. METALLIC SUBSTANCES. 

These are bodies of a hard and folid texture ; fufiible in the fire, and renaming their proper form afterwards; not mifcible with 
water, nor inflammable. They are divided into Metals and Semimttals. 

I. Metals are malleable ; and the fpecies are, 
j. C /./. The mo/t ponderous and fixed in the fire of all bodies except platina, and the molt ductile of any. It has a yellow 
colour, and is more commonly found in its metallic ftate than any other metal. It has no proper ore ; but is found in 
ores of filver, and almoft all fands contain fome of it. 

2. .*> rxt to gold in malleability and ductility ; but lefs fixed in the fire than cither it or platina. It is fometimes 

id in its native ftate; but moft commonly in that of an ore with fulphur, fometimes with arfenic, and afluming different 
appearances. 

3. Platina. A white metal of a greater fpecific gravity than gold, and altogether as fixed in the fire; the moft difficult to be 
melted of all known fubftances ; refilling the tcfts which have ufually been applied for difcovering the purity of gold, fuppofed 

n hence to be the fmiris of the ancients. Found in South America. 

4. Copper. Ofareddilh colour, hard and fonorous ; admits of being extended greatly under the hammer, either hot or cold. 
1~ diffi ilt of fufion. It is generally found in the ftate of an ore with fulphur. There are a great variety of ores of it, ex- 

btautiful, blue, red, green, and yellow. 

5. /• '.. A grey •coloured metal, extremely ductile When hot ; the lighted of them all except tin. It is the only metal certainly 

wn to admit of being welded; though platina is likewifc faid to pofiefs fome fhare of this propeity. It is likewife the 
only one capable of being tempered by cooling. It is found almoft ever) where ; and it? oris are infinitely various. 
6 7 hite foft metal, the lighteft of the whole, and very ductile. The ores of it are generally arfenical, and afiume a cry- 

ftalliuc appearance ; their colour being moft ufually of a dark brown, and fometimes very beautiful. 

3 7. Lead, 
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7. Lead. A metal of a dull bluifh colour, exceedingly foft and malleable, and very weighty. Seldom found in its metallic (late, but 
ufually in an ore with fulphur or arfenic; but feldom with fulphur alone. The principal ores of it are the cubic, called galena 
and the glafly, called^*/-. 

8. Mercury or quickfiher ; formerly accounted a femimetal, on account of its fluidity, but now reckoned among the mod per feci 
metals. It is a white, opaque, metallic body ; fluid, except in a very intenfe degree of cold ; very heavy, and ealily volatilized 
by heat. Sometimes found in its fluid form, but ufually in a beautiful red ore with fulphur, called cinnabar. 

1 II. Semimetals are brittle, and do nor ftretch under the hammer. They are, 

1. Zinc. A bluifh white fnbftance of a fibrous texture, confiderably hard and fonorous, with a fmall degree of ductility ; eafily 
fufed and volatilized. Its principal ore is lapis calaminaris. 

2. Bifmuth or tin -glafs. A white ponderous, hard, brittle and fonorous body, of a plated texture ; eafily fnfed and vitrified. It 
is only reduced to an ore by arfenic. Its appearance much the fame with regulus of antimony. 

g. Antimony. A blackim fubflance, of a fibrous needle-like texture; hard, brittle, and of a confiderable weight ; not difficult of 
fufion, and eafily convertible into glafs. Its only ore is with fulphur, which is the crude. antimony. 

4. Arfenic. A bright, fparkling, whitifh-coloured femimetal ; of a plated texture ; very brittle, and extremely volatile. It is ge- 
nerally found in the ores of others metals. 

5. Cobalt. A brittle femimetal fufible in a moderate heat, and eafily convertible into a beautiful blue glafs, called fmalt. It is 
always obtained from an arfenical ore, likewife called cobalt. 

6. Nickel. A red.difh white fubflance, of a clofc texture, and very bright; eafily melted, but very difficult to vitrify. 

IV. INFLAMMABLE SUBSTANCES, 

Are thofe which continue to burn of themfelves when once fet on fire. They are divided into oils, fulphur or brimfione, alcohol 
or ardent fpir its and charcoal. 

I. Oils are thickiih, vifcous fluids, not mifcible with water. Divided into animal, vegetable, zn&fojfile. 

a, b, The animal and vegetable oils are, 

I. Exprejfed. Thefe are of a mild and bland tafle, inodorous, and not foluble in alcohol. They arc obtained by expreffion, as 
oil of olives, rape-feed, almonds, &c. Animal fats are of the lame nature, as is alfo wax. 

2. Ejfential. Thefe are always obtained by diftillation, pofTefs the tafle and flavour of the fubject from .whence they are drawn 
and are foluble in alcohol. Of this kind are oil of cloves, fpike, &c. The oil of ants is an example in the animal kingdom. 

3. Empyreumatic^ Thefe are obtained by a confiderable degree of heat, and pofTefs an acrid tafle and burnt-like flavour, as oil of 
hartlhorn. They are foluble in fpirit of wine. 

c. Fojfileoils. Thefe are found in the earth in their native flate; and are called, when pure, naphtha ,• which is of an acrid tafle 
and extremely volatile, not mifcible with alcohol. A great maay inflammable foffils contain this, as bitumens, pit-coal, &c. 

II. Sulphur or Brimstone. This is a dry friable fubflance, not mifcible with water. It is found in many mineral fubftances 
metallic ores, &e. but is for the moft part met with in pyrites. Great quantities of it are found in the neighbourhood of volcanoes. 

III. Alcohol or Ardent Spirits. This is a fluid of an acrid and volatile nature, mifcible with water; obtained from fermented 
vegetable juices by diftillation; as from the juice of the grape, malt-liquors, rice, &c. 

IV. Charcoal. The refiduum of moft inflammable matters after undergoing diftillation with a flrong fire. A black fubflance 
acted upon with difficulty by acids ; foluble in htpar-fulphuris, and entirely difiipable into inflammable air by a very violent 
heat. Of great ufe as fuel, and efTemially necelfary in metallurgy and other arts. 

V. WATER. 

A colourlefs infipid fluid well known. It is ehhtr fimple or mineral. 

I. Simple, or pure-rain-water, as it called, though the moft homogenr,.;3 fluid of this kind with which we are acquainted, is not 
perfectly pure, but always contains a portion of mucilaginous matter, which can never be perfectly feparated. It is fuppofed 
to confift of dephlogiflicated and inflammable air condenfed. 

II. Mineral waters are thefe fpring-waters impregnated with faline fubftances; the diverfity of which is exceeding great ; but 
they all agree in having an acid joined with them. The moft common forts are impregnated with iron and fulphur. 

VI. A I R. 

I An invifible and permanently elaftic fluid, is of the following kinds : Dephlogiflicated, phlogiflicated. fixed or fxable, inflammable 
nitrous, vitriolic acid air, marine acid air, dephlogijiicated marine acid, alkaline air, hepatic air, atmofpherical air. 

I. Dephlogiflicated. An elaftic fluid naturally extricated in the procefs of vegetation; artificially procured from nitre, minium 
nianganefe, water, &c. eminently capable of fupponing flame and animal life. One of the component parts of ©ur atmofphere. 

Gg 2. Phis. 
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icedin gre. 1 t quantities daring the putrefactive fermentation; obtained alfo in the calcination of metals and 

..il life, and extinguifhes flame, but is very friendly to vegetation. Is another of the 

.re. 

:s name from the property of adhering to certain bodies, and fixing iiftlf in them. Confifts of de- 

air united i >y fermentation, and in all phlogiftic proceflcs. Manifefts the properties of 

animal life. 

oily of charcoal and a little water rarefied by heat ; is remarkable for being the lighteft of all gravi- 

iceu naturally in mines, and from putrid waters; artificially procured from certain metallic folutions, 

iron; by diftilling wood, pic-coal, &c. with a ilrongheat; or by expoling charcoal 

t a burnio euo. It extinguifhes flame imlefs it be mixed with a certain proportion of atmofphcrical or 

.1 air; in which cafe it explodes violently, deftroys animal life, but is friendly to vegetation. 

: ed artificially in diilbiving metallic or other fubftances in the nitrous acid. On mixture with dephlogifticated 
their elatticity, and a fmall quantity of nitrous acid is produced. It infUmly kills animajs, and extinguifhes 
thine. By union with fome metals is converted into volatile alkali. In fomc cafes it may be made to fupport flame, and even 
: perty of condcnling alon^ with phlogifticated air renders it a tcft of the falubrity of the atmofphere. 
The 1 1 tie with vol .tile or fulplmreous vitriolic acid. 

Tift fame with, marine acid reduced into vapour, and deprived of mofl of its water. 
' marine at fed by fome to be the marine acid deprived of its phlogiftion ; by others to be the fame 

id with an addition of pure air. It deftroys many kinds of colours; whitens linen, and with inflammable air regenerates 
common marine acid. 

t air. The fame with pure volatile alkali ; is formed by an union of phlogifticated and inflammable air. 

10. Hepatic air. Produced from the decompofitionof liver of fulphur by acids, or in the common atmofphcre. It is inflammable, 
but does not burn with explofioa. 

11. Atmofpherieal air. Compofcd of dephlogifticated and phlogifticated air ; and thus fupports both animal life and vegetation. 



TAB1E, (howjng the feveral Combinations that the simple chemical elementary bodies 
admit of with one another; the Compound refulting from that Mixture; and the Manner in 
which the Union is effected : With fome Account of the principal Ufes to which thefe are ap- 
plied in Arts or Manufactures. 

N. B. Thii mark*, put above any word, denotes that there is fome difficulty in the procefs, or that 

the union is noi very complete. 



ACIDS. 



ALKALIES. 



KARTHS. 



VITRIOLIC ACID may b: combined with the following fubftances, viz. 
f Nitrous Acid. A mixture which readily inflames oils. Bv folution, generating hear. 
| Muriatic, Vegetable, and all other Acids yet known. By foluiion, generating heat. But thefe mix- 
tures arc applied to no particular ufe in medicine or arts. 

(Vitriolated tartar. By folution and cryftallization, or double elective attraction from a great 
variety of bodies. 
l" Vegetable. <j Nttrum vitriolatum. A vitriolated tartar, obtained by diftilling from nitre with the vitriolic 
acid. 
ISa/ polychreftum. By deflagrating nitre with fulphur. There are many other kinds of vi- 
; triolated tartar, known formerly by different names, and fuppofed to be poffefled of parti- 

cular properties, but they are now neglected. 
| Fossile. Glauber' s fait. By folution and cryftallization. Much ufed in medicine as a gentle purgative. 
[Volatile. Secret ammoniac. By folution. Formerly fuppofed a moft powerful menftrnum for metals, &d 
but without any juft foundation. 

'A corroded calx. By fimple corrofion. This when perfedly edulcorated with water is 

found to be a true gypfum. 
Selenites.. By precipitation from a very dilute folution of chalk in the nitrous acid, by 
means of the vitriolic acid. 

'Calcareous | Terra ponderofa. With this it unites in preference to alkalies, forming a very heavy and in- 
Earths. \ foluble fubftance czWc&fpathum ponderofum. 

Gypfum or Paris-plafter. Often found in a native ftate. May be artificially formed by preci- 
pitating from a folution of chalk in a very concentrated nitrous acid. Ufed as a ce- 
ment : for taking imprefllons from medals, &c. 
Talc ajbeftas, ire. A native production which connot be perfectly imitated by art. Ufed for 
holding objects in microfcopes, making incombnftible cloth, &c. 
I Magnesia. Epfom, or magnefia Glauber's fait. By folution and cryftallization. Much ufed in medicine for 
the fame purpofes as real Glauber's fait. 

EARTHS. 
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METALS. 



Lead. 
Tin. 



SEMIMETALS. 



OILS. 



SULPHUR* 



ALCOHOL. 



WATER. 



ACIDS. 



ALKALIES. 



EARTHS. 



f Earth of Alum. Alum. By foliation, cryftallization, &c. Ufed by dyers as a preparatory for taking on 
the colours, papermakers, goldfmiths, &c. 
Earth of Animals, Osteocella, &c. By folution. The mixtures of thefe are not applied to any 

particular ufe. 
Clay*. Alum. By digefting pure clay for fome time in this acid, and expofing it for fome time to the air, 
an alum is produced ; and if the clay is precipitated from this aluminous concrete, it is found to be a pure 
earth of alum, foluble in all acids. 
Flint. A thickifli coagulum. By digefting the liquor filices in the vitriolic acid. 
Gold*. Imperfectly. By a particular procefs after being feparated from aqna-regia. 
Silver*. By folution, after it has been precipitated from the nitrous acid by alkalies. The fumes which 

arife in this folution are inflammable. 
Copper. Blue vitriol. This is fometimes a native production, but in this way it is never pure. It is artifi- 
cially prepared by folution in a very concentrated acid, and cryftallizing it. 
[Green vitriol or copperas. Obtained at large by particular procefs from pyrites ; or by folution, &c. 
in a diluted acid. This is the bafis of all black dyes, ink, &c. as it iirikes a black colour with 
Iron. ^ vegetable aftringents. 

j Salt of Jleel. By calcining the cryflals of green vitiiol till they are converted into a white powder. 
\^Colcothar of vitriol. By continuing the calcination till it affumes a brown colour. 
f Saturnus vitriolicus. A folution in a boiling heat, but is again precipitated when cold. 
( An indiffoluble concrete. By precipitation from the nitrous acid. 
Jupiter corrofivus. By a boiling heat in a concentrated acid. 

C Ignis Gehenne, or infernalis of Paracelfus. By a boiling heat, and repeated coctions with frefh 
Mercury. < acid when it is evaporated. 

£ Turpeth mineral, or mercurius precipitatus flavus. By evaporating to drynefs, and then wafhing 
with water. 
f Antimony*. A metallic fait. By elective attraction from butter of antimony. 
j Zinc. White vitriol. Often found in its native flate. Artificially made by folution and cryftallization in a 

diluted acid. Ufed by painters for drying. 
\ Bismuth. A corroded calx. By folution in a concentrated acid. 
} Arsenic - - - By ditto. 

|_Co.balt. A rofe-coloured mixture. By folution. If this is precipitated by a fixed alkali, and again dif- 

folved, the liquor appears of a beautiful red. 
f Expressed. A blackifli gummy-like mafs. By folution, generating a confiderable heat. Native gums are 

fuppofed to owe their origin to a mixture of this kind. 
J Essential. A dark-coloured refinous mafs. A great heat and violent effervefcence being produced by this 

mixture. Native refms fuppofed the fame. 
I Empyreumatic. Little known. By folution. 
[_Fossile. A fubftance refembling amber. By folution. 
Here there is no proper union of fubftances ; but if fulphur is boiled in this acid, it becomes lefs inflammable and 
more fixed than any ordinary fulphur. 

[Vitriolic ether. By careful folution and diftillation, the ether being feparated by the addition of water. 
Spiritus vitrioli dulcis. By folution and diftillation. 
Oleum dulce. By continuing the heat after the etber has arifen. 

Oleum anodynum miner ale. By rediftilling the refiduum of the laft with alcohol. A medicine much cele- 
brated by Hoffman. 
{^Sulphur. By pufhing the heat after the oil comes over. It is to be obferved that this is produced in every 
combination of this acid with inflammables or metals. 
An acidulated water. Sometimes, though feldom, found iiTuing along with native fprings. Applied to no particu- 
lar ufe. 

NITROUS ACID may be combined with the following Subflances, viz. 
Vitriolic, as above. 
Muriatic. Aqua-regia. By folution. This is the only proper menflruum for gold ; and it is a folution of 

tin in this menflruum which is the bafis of the fcarlet dye. 
Vegetable, and all others. By ditto. Thefe compounds have no particular names, nor are applied to any 

particular ufes in medicine or arts. 
Vegetable. Common nitre. A native production. Made artificially by folution and cryftallization. This 

deflagrates with oily or metallic bodies, and is the foundation of gun-powder. 
Fossile. Cubic nitre. By folution. 
Volatile. Nitrous ammoniac. By folution. This differs from all the other ammonical falts, by being 

foluble in alcohol. 
r f Deliquefcent cryflals. By ditto and cryfiallization. 

tAiCAREOU^. 1 Baldwin's phofphorus. By ditto and evaporating to drynefs. 
Earth of Alum, and all other abforbent earths. By folution. The compounds have no names nor any 

remarkable properties hitherto difcovered. 
Crystalline Earths*. By folution after precipitation from the liquor filices. 
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By .1 boiling heat in clofc veflels, after the ordinary method of ft panning 
1'ilvcr from gold ny the nitrons acid. Ii oufly lublides in the air. 

CA By loin lilated with water ftains hair and bones black ; as 

« j alio marble, agate, jafper, &c. of different colours. 

jSal metallorum. By folution and crystallization. 

^Catharticum lunarc , lunar . x lapis infernaliu By infpillating the folution to drynefs. 

A green-coloured folution. By folution. 
A greenifh folution, if a diluted acid is employed ; if othcrwife, it is of a yellowifli colour : evapora- 
ted to drynefs, it dcliquates in the air. 

>. A yellow folution. By diilblving in a diluted acid. If much water is added, the metal ispre- 
Lead. «? cipitated. 

( Saturni fulminans. By infpillating the folution. This explodes when put upon the fire with greater 
force than nitre, and has been propofed tobc ufed as an ingredient in gun-powder to augment its force. 
Tin'. A folution or corroded calx. By a careful folution without heat it remains fufpended ; if othcrwife, 
it ( I in form of a calx. This is commonly fuppofod to be the compolition tiled in dyeing fcarlet ; 

but by miflake : for it is a folution of tin in aqua-regia that communicates that fine colour to cochineal. 
The fame folution is the bafis ol the powder which tinges glafs of a ruby colour. It is the precipitate of 
gold from aqua-regia by means of tin. 

A limpid folution, intenfely corrofive. By folution. 

Red precipitate. By evaporating the folution to drynefs, and then calcining till it becomes red. 
Mercurius corroftvus fufus. By precipitating from the nitrous acid by fixed alkali. 
White precipitate - By ditto with the volatile alkali. 

A greenifh folution. By ufmg a concentrated acid. This might be applied in fome cafes in the 
art of dyeing; but is not yet come into general ufe. 
/ Magijlcry of bifmuth. By precipitating from the folution by means of water. This has been 
employed as a cofmetic, but is inefficacious and unfafe. If mixed with pomatum, this 
ftains hair of a dark colour without injuring it. 
A corroded folution. By the Ordinary means. 

\ colo 11 Id's calx. By limple corrofion. 

Bezoardic mineral. Bydiftilling from batter of antimony, after havingadded the nitrous acid. 
Antimonium diaphoreticunu By adding nitre to crude antimony, and deflagrating. 
Cernfa ant'tmonii. By deflagrating regulus of antimony with nitre. 
v \ red liquor. By folution cither in its calcined or metallic fiate. 
Cobalt. < Rof -coloured cryftals. By adding muriatic acid, and allowing it to cryflallize. 

£ Green Sympathetic ink. By dilfolying thefe cryftals in water. The folution is red when cold, 
and green when warm ; when wrote with, it difappears when dry ; but when held to the 
fire it becomes green; and again difappears when cold. 
Nickel. A green-coloured liquor. By folution. 

Expressed. A thick bituminous-like fubftance. Upon the mixture a confiderable degree of heat is gene- 
rated, and fomctimes, though very fcldom, actual flame is produced. 
Essential. Ditto. A more violent heat is generated upon the mixture with thefe oils than any other, and 

with many of them an actual flame is produced. 
Empyrewmatic. This mixture has no name, nor is it applied to any remarkable ufe in arts. 
Fossile. Ditto. 
t Nitrous ethet. By digefting ; the ether arifing to the furface. , 

\ Spirttus n'ltri dttlcis. By digefting a little, and then diflilling. 
By folution. 

MURIATIC ACID may be combined with the following Subjlances. viz. 
C Vitriolic and Nitrous. As in the former part of this Table. 

< Vecetars.e, and all others yet known. By folution : but as none of thefe mixtures are applied to any par- 
r ticnlar purpofe, we take no notice of them. 

f Vegetable. Digeftive fait. By folution and cryftallization. 

C Common fait. Commonly obtained by evaporating fea-water to drynefs ; or artificially made by 
I \ mixing the acid and alkali, and cryftallizing. 

f° 5 ' UEi 'j i j d /^ Wi A native foffile fait, found in mines in Poland, Spain, ire. of the fame nature as com- 
£ rnon fait, but more pure, 

j Volatile. Common ammoniac* Obtained at large by a particular procefs from foot. Artificially made by 
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mixing the acid and alkali, and cryftallizing. 

C Liquid fhell. By folution. A iV.bitance whofe i fit els in medicine have been greatly extolled. 
Calcareous. < 01. calcis per deliquium. By evaporating liquid fhell to drynefs. It naturally deliquefces. 

(_ Fix:.l ammoniac. By folution and cryftallization. This fometimes appears luminous in the 
dark when ftruck with a hammer. 
Macnesia, and other abforbents. By folution : but the properties or ufes of thefe are not 
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"Gold*, A yellow liquor. By boiling a calx of gold (in whatever way obtained) in this acid. It does not 
aft upon it in its metallic flate. 

C J fluid folution. By diflblving the ore of filver in this acid. It does not aft upon pure me- 
Silver*. < tallic filver. 

£ Luna cornea. By elective attraction from the nitrous acid. 
Platina*. A fluid folution. With difficulty effected, after having been precipitated from aqua-regia 

by alkalies. 
Copper. A green deliquefcent inflammable fait. By folution and infpiffating to drynefs. 
Iron. Tinttura martis aurea. By folution. The iron is in fome meafure rendered volatile by the 
operation. 
■I , C A limpid folution. By a boiling heat, and frequent cohobations with fre(h acid. 

(_ Cornea Saturni. By precipitation from the nitrous acid. • 

, # C A corroded powder. By iimple corrofion. 

\ Butter of tin. By diflilling from corrofivc fublimate. 

f A colourlefs cryftalline mafs, extremely acrid. By corrofion, employing the fumes of a very 

concentrated acid. 
I Mercur. corrofiv. albus. By precipitation from the nitrous acid. 
Mercury*. \ Cor ro five fublimate. By fubliming from fal ammoniac, common fait, or many other bodies. 
Mercurius dulcis. By refubliming corrofive fublimate with more quickfilver. 
Mercurial panacea. By fubliming corr. fub. nine times, and digefting for fome time in fpi- 
rit of wine. 
C Bismuth*. A folution very flightly impregnated. By employing a very concentrated acid. 
I Zinc. A folution of a very flight yellow colour. 

'•Arsenic*. Butter of arfenic. By diflilling corrofive fublimate with arfenic; the arfenic uniting with the 
i acid, and leaving the mercury. 

I Cobalt. A reddifh folution. By the ordinary means. It becomes green by a gentle heat. 
L Nickel. A green folution. By the ordinary means. 
OILS*. By folution. The union here is but imperfect, nor have they any particular name. 

ALCOHOL. Spiritus falis dulcis. By digeftion, and afterwards diflilling. The acid here is never totally dulcified. 
WATER. Acidulated water. Generating heat by mixture. 
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WATER. Acidulated water. 



VINEGAR may be combined with the following Sub/lances, viz. 
Vitriolic, Nitrous, and Muriatic, as in the above table. It likewife unites with all other acids, gene 
rating heat ; but the properties or ufes of 'the lie are not known. 
("Vegetable. Regenerated tartar. By folution and cryltallization. 
< Fossil e. Polychrefl of Rochelle. By ditto. 
(\ Volatile. Spiritus Mindereri By folution. 

C Calcareous Earth. Earthy felts. Not known in medicine or arts. 
£ Magnesia. Dr Black's purging fait. By folution. It unites with ail the other abforbent earths; but the 

properties of thefe mixts are unknown. 
["Copper. VerdegrU. By folution and cryflallization ; or at large, by ftratifying copper-plates with the hulks 
of the §rape. 
Iron. Sal martis aperiens. By folution and cryflallization. 

_ CCerufe. By expofing, in certain circumflances, thin plates of lead to the fumes of vinegar. 

' / Saccharum Saturni. By folution and cryflallization. 
j Tin*. This is not properly diffolved ; but the acid is evidently impregnated. By the ordinary means of 
j folution. 

j Mercury* £ A fluid folution. By employing a precipitate of mercury from the nitrous acid by alkalies. 
[_ '(_ A red calx. By long digeflion with fluid mercury. 

[ Zinc A colourlefs folution of a fweetifh tafte. By digefting for fome time. 

I Antimony*. Vinum benedittum. This it not a proper folution of the metal, but the acid is impregnated- 
<[ with an emetic quality. 

j Arsenic Vinum arfenicum. By ditto. A curious phofphoric liquor. 
^Bismuth. An auflere flyptic liquor. By ftrong coction. 
The union here is imperfect, nor have any of them obtained particular names. 
A mixture much ufed for anointing fprains, &c. 
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A C I D of TARTAR may be cof/ibined with the following fubflances , viz. 
C Cream of tartar with excefs of acid. 
Vegetable. £ soluble tartar, when completely faturated. 
Fossile. Rochelle fait. 



! 



Volatile 



C A fait vf ry difficult of folution with excefs of acid. 
£ A beautiful and foluble fait when perfectly faturated, 
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An indiilblublc fclcnitr. 
C Copper, A fine green colour for painting. 
I Iros. A green aftringrnt liquid. Clialybeated tartar. 
■ \ . Emetic tartar. 
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A C J D ' with the following fubflanceSj viz. 

..11 kinds. The nature of thefe not known. 

\ kg et able. A fait not cafily cryftallized, the nature of which is not known. 
A fine cryftallized fait nfed in medicine. 
J Volatile. A glafs-like faline lubftance called microcofmic fait. The acid is always found in this flate by 
[ evaporating urine. 

EARTHS. A glafs of different forts. By fufion. 

An inflammable malleable mafs. By calcining the dry fait with lead. 
A mafs refembling zinc ; and inrlammable. By ditto. 
C A true fhofphorus. By ditto. 

(_ A bloifh folution. By employing a watery folution of the acid. 
; r. A corroded powder, or green folution. By a boiling heat in a watery folution of the acid. 
A femi-opaque mafs. By fufion with the acid, in its folid form. 
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A corroded powder, foluble in water. By folution in the acid in a watery liiuation. 
A tracphofphorus. By fufion with the dry acid. 
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C A folution in the ordinary way. 
'\ A brilliant ftriated mafs. By fufion with the dry acid 



OILS. 



Bismuth. A mixture but little changed in appearance from ordinary bifinuth. By fufion. 
J Arsknic. A wbitifii (emitranfparent dcliquefccnt mafs. By fufion. 
^Cobalt. A rcddifli tincture. By folution. 
in's phofphorus. By dillilling with fubftances that contain oils or inflammable matter. 
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FLUOR ACID, may be combined -with the following Sub/lances, viz. 
Fixed Vegetable. A gelatinous faline mafs which cannot be cryftallized. Great part of it is alfo diffi- 

pated by evaporation to drynefs. 
POSSILE. A fubllancc iiinilar to the foregoing. 

\tii.e. Lets fall a quantity of filiceous earth, and forms a cryftallizable ammoniacal fait. 

nesia. >A gelatinous matter. 

Earth of A I dm. j 

Siliceous Earth. After long (landing, cryftals of quartz. 

Silver ? The calces of thefe metals partially diffolved ; but the properties of the folution un- 

Qu icksilver. 3 known 

Copper* The calx eafily foluble, and affording blue cryftals; the metal only partially fo. 

Ikon. Diflblved with violence with the cmiflion of inflammable vapours into an uncryftallizable liquor. 

A C I D of SUGAR may be combined with the following Sub/lances, viz. 
r Fixed Vegetable. A fait fcarce capable of cryftallization when perfectly neutral. 
^ F< A fait difficultly foluble in water. 

/ Vol ai tie. An ammoniacal fait fhooiing into quadrangular prifms. 

f Lim E. A kind of felenite from which the acid cannot be feparated by a burning hear. 

| Terra Ponderosa. A fait formed into angular cryftals, fcarce foluble in water. 
<j Magnesia. A white powder infoluble without an excefs of acid. 

[ Earth of Alum. A yellow pellucid mafs incapable of cryltallization, and liquefying in the air. 

fGoi.D. "1 

} The calces of all thefe metals diflblved, but the nitre of the folutions unknown. 
<J Platina. 

| Quicksilver. J 

1_Iron. Diffolved in great quantity, and forming a yellow prifmatic fait eafily foluble in water. 

( lt. A yellow-coloured fait forming a fympathetic ink with lea-fair. 
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Alcohol. An ether which cannot eafily be fet on fire unlefs previoufly heated, and burning with a 
blue flame. 
ACID of ROR/fX or SEDATIVE SALT may be combined with the following Subflances, viz. 

, Borax. A native iubftance, which may be imitated by art. It is of great ufe in promoting the 
fufion of metals and earths. 

r i ie. An ammoniacal fait fhooiing into fmall cryftals, and melting by an intenfe heat into a greyifh- 






. A fait cryftallizable in vinegar and acid of ants. Decomposed by other acidb and fpirit of wine. 
•i dm. In certain proportion* a fait difficult of folution; in others a hard mafs refembling pu- 



,;ally foluble iuw.-ru-. 



METALS. 



Table. 

METAL. 
SEMIMETAL. 

ALCOHOL. 
WATER. 



CHEMISTRY. 



239 



ALKALIES. 



EARTHS. 



METALS. 



SEMIMETALS. 



ALKALIES. 



EARTHS. 



METALS. 



SEMIMETAL. 
The effects of 
known. 



ALKALIES. 



EARTHS. 



METALS. 



SEMIMETALS. 



INFLAMMA- 
BLES. 



Iron. An amber-coloured folution yielding crylhls of a yellow colour. 

Arsenic. A cryftallizable compound fhooting into pointed ramifications, or forming a greyiih, white, or yellow 

powder. 
A fohuion with a cOufiderable hear, which burns with a green flame. 
A folution in a confiderable heat. The other mixtures with this acid not known. 

ACID of AMBER may be combined ' 11 nth the following Subjlances, viz. 
f Fixed Vegetable. A tranfparent and cryftallizable fait, but deliquefcent. 
< Fossile. A cryftallizable fait not deliquefcent. 
£ Volatile. An ammoniacal fait (hooting into acicular cryflals. 

Lime. A cryltallizable fait, difficult of folution and not deliquefcent. Decompofed by common fal am- 
moniac. 
Magnesia. A gummy deliquefcent faline mafs, not cryftallizable. 
Earth of Alum. A prifmatic fait incapable of decompofuion by alkalies, 
f Silver. A fait (hooting into thin oblong cryftals obtained from the precipitate ; but no folution cf the perfect 
metal. 
Copper. A cryftallizable fait of a green colour. 
Iron. A cryflallizable fait of a brown colour. 

Tin. A cryftallizable falc from the precipitate, fcarce to be decompofed by alkalies. 
(_Le~ad. A cryftallizable fait from the precipitate. 
~ Zinc. A cryftallizable fait. 

\ Bismuth. A cryftallizable fait from the precipitate, not to be decompofed by alkalies. 
Reculus of Antimony. A folution of the precipitate. 

ACID of ANTS may be combined -with the following Subjlances, viz. 
" Fixed Vegetable. A cryftallizable fait, deliquefcent in the air. 
\ Fossile. A fait of a fimilar nature. 

Volatile. An ammoniacal liquor, cryftallizable with difficulty. 

Ch ai.k or Coral. A cryftallizable fait which does not deliquate. 

Magnesia. A faline liquor fcarcely cryftallizable. 

Terra Ponderosa. A cryftallizable fait which does not deliquefce. 

Earth of Alum. Unites with difficulty, and fcarcely to the point of faturation. The nature of the com- 
pound not known. 

("Silver*. By folution. The calx of filver precipitated from aquafortis by alkalies ; but does not act upon it 
J in its metallic ftate. 

I Copper. Beautiful green cryftals. By diiTolving and cryftallizing calcined copper. It acts flowly upon it in 
J its metallic ftate. 

I Iron. A cryftallizable fait. It diflblves this metal with great facility. 

/ Lead*. A fait refembling faccharum faturni. By diflblving the red calx of lead. But it does not act upon it 
(_ in its metallic ftate. 

Zinc. Elegant cryftals. By the ordinary means, 
this acid upon other bodies, or the ufes to which thefe combinations might be applied, are not yet fufficiently 

ACID of ARSENIC may be combined with the following Subjlances, viz. 
(~ Fixed Vegetable. A ponderous fait fhooting into fine cryftals by fuperfaturation with acid. 
-^ Fossile. A fait cryftallizable when perfectly neutral. 
/Volatile. A peculiar kind of ammoniacal fait parting with the alkali, and decompofing fome of it in a 

ftrong fire. 
(~ Chalk. A cryftallizable fait fcarcely foluble. 
-^ Magnesia. A gelatinous mafs which cannot be cryftallized. 
? Terra Ponderosa. An infoluble white powder. 
Copper. A green-coloured folution. 
Iron. A very thick gelatinous folution. 
Lead. A folution which cannot be cryftallized. 

Tin. A gelatinous folution in the moift way. A mixture taking fire in clofe veffds in the dry way, 
f Zinc. A folution in the moift way, and in the dry, a mixture taking lire in clofe vefTels. 
j Bismuth. A partial folution. 
I Regulus of Antimony. A partial folution. 
] Cobalt. A partial folution of a red colour. 
l_ Manganese. A partial folution in its natural ftate. When the manganefe is phlogifticated, a cryftallizable 

fait may be obtained. 
" Charcoal. A mixture taking fire and fubliming when heated in clofe vefTels. 
^ Oil of.TuRPENTiNE. &c. A thick black fubftance after fome days digeftion. 
'Sulphur. A red fublimate. 
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ACID or MOLT B D .E AT A Hh the fit . viz. 

cryftallizable fait. 
A neutral fall, the nature of which is unknown. 

M I L K maj ['fiances, viz. 

cfcent fait foluble in alcohol. 
. A lilt ot arfimilar nature. 
(^ \ olatxlb. A deli picfcent fait parting with much of the alkali by heat, 
and Argillaceous. Deliquefcent falts. 
ia. A fait more ealily cryftallized, but deliquefcent. 
bloc folution, which cannot be cryftallized. 
Iron. A brown folution, with the cmiluon of inflammable air, yielding no cry i 
An aftringent fweetifli folution, which does not cryftallize. 
:. A cry Itallizablc fait, with the emitfion of inflammable air during the folution. 

ACID of SUGAR or 1WILK may be combined with the following Subflanccs, viz. 
f Fixed Vegetarle. A fait very difficult of lolution. 
< Fossile. A fait more ealily foluble. 
q Volatile. A peculiar kind of ammoniac. 

>rbent and Argillaceous. Infoluble falts. 

ACID of APPLES may be combined with the following Suiftantes^ \ 
Fixed Vegetable, Fossile, and Volatile. Deliquefcent falts. 

LCAREOUS. A fait dilficult of folution unlefs the acid prevail. 
2 Magnesia. A deliquefcent fait. 
£ Earth of Alum. A fait very difficult of folution. 
Iron. A brown folution, which does not cryftallize. 
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£ A gummy mafs, which refutes to cryftallize. 



ACID of F A C T may be combined with the following Subflanccs, viz. 
( Fixed, Vegetable, and Fossile. Neutral falts of a particular nature. 
\ Voi atile. A concrete volatile fait. 

Sous. A cryftallizable fait of a brown colour. 
< Ma . ESIA. 

(_ Earth of Ai 

( Silver. A folution of the calx, 
j Pi atina. The calx copiouliy dilfolvcd, and even the perfect, metal attacked by diftillation to drynefs. 
| Copter. A green folution, which cannot be cryftallized. 
<[ Iron. A cryftallizable fait, which does not deliquate. 
| Lead. An aftringent folution of the red calx called minium. 
| Tin. A folution in fmall quantity. 

[_ Mercury. A folution by being twice diftilled from the metal. 
Zinc Diftblved in its metalline ftate. 

lth. A folution of precipitate. 
Regulus of Antimony. A cryftallizable fait, which does not deliquate. 
Manganese. A perfed and clear folution. 

ACID of BENZOIN may be combined with the following Subjlances, viz. 
("Fixed Vegetable. A fait lhooting into pointed feathery cryftals. 
-) Fos SILE. A fait procurable in larger cryftals. 
r Volatile. A deliquefcent fait fcarce cryftallizable. 
C Calcareous. A cryftallizable fait not ealily foluble. 

SNESIA. 



A cryftallizable fait eafily foluble. 



FIXED ALKALI, -a- I TABl e or Eoss/LE, can be united with the following Bodies; but the Vegetable is befl known. 

triolic, Nitrous, Muriatic, Vegetable; and acid of Uriire, of Amber, of Ants, of Borax, &c. as in the former 
pari of this Table. 
ALKALIES of all forts. The ufe& of thefe mixtures arc not known. 

C Liquor filicum. By fulion with twice their weight of alkali, 
f Crystalline. < Clafs. By fulion with a much fmaller proportion of alkali. This is the compofition of 
RTHS. -^ C cryftal glafs, and all others commonly ufed. 

£ Absorbents. Argillaceous, and all kinds of earths. Glafs. By fufion ; differing in quality according to the 

nature of the ingredients. Glafs is likwife produced with it in fufion with metals. 
T Golt*. After having precipitated it from aqua-regia, it dillblvcs it if the alkali has been calcined with animal 
1 lubftances. 

£ Silver*. After having precipitated it from the nitrous acid, it diflblves it if the alkali has been calcined in 

|0C. 

2 METALS, 



Table. 



METALS. 



CHEMISTRY. 



2^1 



SEMIMETALS 



OILS. 



SULPHUR. 
WATER. 

AIR. 



f Tin. A corroded powder. By the ordinary means of folution. 
J Copper. By ditto. 

^ Lead. A fluid folution. By ditto. This ftains hair black. 

| Iron*. A blood -coloured folution. By dropping a folution of iron in the nitrous acid, into an alkaline lixivium. 
Mercury*. A fluid folution. After precipitating it from acids ; if the alkali is in too large proportions, it 
^ then diffolves it, efpccially if the alkali has been calcined in contact with the flame. 
fZiNC*. By folution, after having precipitated it from the nitrous acid. 
| Bismuth*. By folution, after having precipitated it from the nitrous acid. 

Kermes mineral. By diffolving antimony in an alkaline lixivium, filtering, and allowing it to 

ftand in a cool place till it precipitates. 
Golden fulphur of antimony. By diffolving a crude antimony in an alkaline lixivium, and preci- 
pitating by an acid. 
' Hepar antimonii. By deflagrating crude antimony with nitre. 
* j Croats metallorum. Is hepar antimonii pulverifed and edulcorated with water. 

| Diaphoretic antimony . By deflagrating regulus of antimony with nitre. 

| Anti?noniated nitre. By diffolving diaphoretic antimony in water, and allowing it to cryfhllize. 

J Magiflery of antimony. By precipitating a folution of diaphoretic antimony by adding vinegar. 

\_Regulus antimonii tuedicina/is. By fufing crude antimony with alkali. This is not properly a 

compound of alkali and antimony, but of another kind. But as it is a term much ufed, it was 

proper to explain it. 

^Arsenic*. A metallic arfenical fair. By a particular elective attraction from regulus of antimony and nitre. 
Expressed. Soap. The belt hard foap is made of olive-oil and foffile alkali. The ordinary white foap of this 

country is made of tallow and potafli ; black foap with whale-oil and potafli. 
Essential. Saponaceous mafs. Belt made by pouring fpirit of wine upon caultic alkali and then oil, digelt- 
if ing and fhaking. 

Empyreumatic. This mixture diffolves gold when precipitated from aqua regia ; and is the bafis of the fine 

colour called Prufian blue ; and has various other properties, as yet but little known. 
Fossile. This has no name, nor are the properties well known ; but from fome obfervations that have been made 
on native foapy waters, it is probable that it would keep linen much longer white than any other kind of foap. 
C Hepar fulphuris. By injecting alkalies upon melted fulphur. 

( Lac fulphuris. By diffolving fulphur in an alkaline lixivium, and precipitating by an acid. 
Alkaline lixivium, when caultic, or even the ordinary folution of mild alkali, is a fluid of great power in wafhing, 
bleaching, &c. 
IXED. Mild alkali. This is the general flate in which alkalies are found ; but if they are rendered caultic by 
means of quick-lime or otherwife, they again abforb it from the air, or from many other bodies, by elective 
attraction. When perfectly mild, this alkali may be made to affume a cryllalline form. 



Gold*. 



The VOLATILE ALKALI, or SPIRIT of SAL AMMONIAC, can be united with theft Bodies, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, Vegetable ; of Urine, of Amber, of Ants, &c. 
ALKALI, as above_. 

f Aurum fulminant. A powder obtained by precipitating it from aqua regia by volatile alkalies. 
I A liquid folution. By adding a large proportion of alkali after it has been precipitated from aqua 
regia. This depolites the gold when long expofed to the air. The curious vegetation called 
arbor Diana is formed by adding mercury to thisfolution. A violently fulminating powder ob- 
tained by digeftion. 
Silver*. A folution. After it has been precipitated from the nitrous acid. A fulminating powder by digeftion. 
Platina*. By folution, after having precipitated it from aqua regia. 

CA blue-coloured folution. By the ordinary means. This when evaporated to drynefs, and mixed 
METALS. -^ with tallow, tinges the flame green. 

Copper. <( Sapphire-coloured cry ftals. By cryftallizing the folution. 
| Venus fuhninans. By evaporating the folution to drynefs. 

\_Aijua ccrulea fapplv.rina. By mixing fal ammoniac, quick-lime, and thin plates of copper with 
water, and allowing them to remain a night. 
By ordinary foluticn. 
By ditto. 
The mixts that are produced by thefe metals are little known. 

By folution, after having precipitated it from the nitrous acid. 



SEMIMETALS. 



OILS. 



Iron. 

Lead. 

Tin. 

Bismuth*. 

Antimony. 

Cobalt. A reddifh liquor. By folution. 

Nickel. A blue liquor. By ditto. 

Expressed. Has no name. By folution. 

Essential. Sal volatile oleofu?n. By ditto with fome difficulty, unlefs the alkali is in a cauftic fiate. 

Empyreumatic. A pungent oily fubftance, of great power in medicine. The principal one of this kind ifi 

ufe is fpirit of hartmorn. 
Fossile. A particular kind of foapy fubftance, 

3 H SULPHUR. 
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Smoking fpirit e*f fulphur. By diflilling fal ammoniac, quick-lime, and fnlphnr. 

Icohol from volatile alkalic?, it acquires a cauftic fiery tafle ; but the union is not complete. 
This rotation might be of nfc in walbing or bleaching ; but, tinlefs in particular cafes, would be too cxpenfive. 

It coagulates « ith alcohol. 
Kixed Mild volatile alkali. The ufual ftate in which it is found ; nor lusany mctliod yet been difcovcred of 

rendering it folid but in this ftate. 



EXPRESSED OILS way be cuvbincdwtth the following Sub f \ikcc s, viz. 
ACIDS: Vitriolic, Nitrous, Muriatic, Vegetable, ot Urine, ol Ai be r, as in the ioregoing part ot this Tabic. 
ALKALIES: Fixed and Volatile, aa above. 

I ARKOUS EARTHS. A kind of pi after. By mixture vJien in a cauftic ftate. 
v Iin*. Diito. By lolution when the tin is in the Kate of 'a calx. 
I XLS. ^ Leap*. Ditto. By boiling the c.tlx of lrad in oils. This is ufed for cements in water-works. The com- 

£ Dion white paiw is a mixture of thisjefs pet feci. 

SEMIM1 Zinc*. Ditto. By ditto. 

OILS • Kil mil 1 , Empyreumaiic, am! Foffile. Bv mixture but their nfes are not much known. 

HI rl, Btlfam of By folntion in a boiling heat. 

ALCOHOL. Alter expelled oils arc treed frotnfoapoi philters, they are folublc in alcohol; but not in their ordinary ftate. 
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ESSENTIAL OILS may be combined -with the following Sub fiances, viz. 
A r IDS : Vitriolic, Nitrous, 8tc. aa above. 
Al.K iLU : Fixed and Volatile, aa above. 
C opper. Bv (blot ton. 

1. 1 ad. by dit'o. 
OIl.s ids. By folution or mixture. 

SCLl'llllC A bill iu ol fulphur. By folntion, imperfectly; better by adding effential oils to the folution made by exprefled 

oils or he par ftilphuris. 
at rnnnt ) ' 'l' c,,cc ^ mixture. By foluiion. 

ALtOHUl* | Aromatic w.tt rs. By di (filiation. 

WATER. Diflilled water ot the (hops. By diltilling recent vegetable fubflances with water. 

E M 1 Y R EU M AT I C OILS viay be combined with the following Sub fiances, viz. 
ACIDS: Vitriolic and Nitrous, as above. 
ALKALIES: Fixed and Volatile, as above. 

OILS of all kin Is. By mixture. 

ALCOHOL. By folution. By repeated diftillations the oils are rendered much more fubtile. 

F S S I L E OILS may be combined with the following Subflances, viz. 
ACIDS : Vitriolic and Nitrous, as above. 
ALKALIES : Fixed and Volatile, as above. 
OILS of all kimls. By mixture. 
S'„ LPHUR. With funic difficulty, by folution. 
ALCOHOL. - - - By ditto. 

S U L P H U R may be combined with the following, Subflances, viz. 
ACID* : Vitriolic ; with the phenomena above described. 
ALKALIES : Fixed and Volatile, as above. 

"Silver. A mafs of red-like colour. By adding fulphur to red-hot filver, and fufing ; found alfo with it in the 
ftate of an ore. 
Lead. A fparkling friable mafs, hardly fufible. By deflagrating fulphur with lead. This in a native ftate 

forms the ore of lead called gala/a. 
Cotter. A Black brittle mafs, eafily fufrd. By adding hVphur to red-hot copper, or ftraiifying with fulphur 
and fufing. Naturally in fome ycllou pyrites. 

CA fpungy-like drofa, eaiily fufible. By putting fulphur to red-hot iron. This is alfo found naturally 

in the common yellow or bro<A n pyrin 
| A fulminating compound. By mixing tilings of iron with fu'phur, moiflening them with water, and 
Irom. -^ prefling them hard, they in a few hour* bufrl Oi.i into flame. This cempofition has been employ- 

ed for imitating earthquakes. 
| Crocus martis. By deflagrating with iron. 

| Crocus martis aperiens. By calcining the crocus martis in the fire till it alTumcs a red appearance. 
[Crocus martis aftringcns. By pufhing the hrai Hill further. 
Tin. A dark-coloircd mafs, refembling antimoi y. By i ft n. 

CEthtops mineral. By healing flowers o» f.ilphur, and pouring the mercury upon tr, and ftirrin^ it 
well. Its natural ore is called cinnabar. 
Mercury. ■<( Fatlitioui cinnabar. By applying the mtrcurj anil Fnlphnr to each c;lur in their pure ftate, and 
f ibliming. 
Cinnabar of antimony. By fublimirg corrcfivc fublimatc and crude anthr.cny ; or the refidimm, 
after diftilling butter of antimony. 

SEMIMETALS. 
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"Bismuth. A faint greyifh mafs, refembling antimony. By fufion. If in its metalline ftate, the'fiilphur 

fcparates in the. cold ; but not fo if the calx has been employed. 
Antimony. Crude antimony. By fufion. 

Zinc*. A very brittle, dark-coloured, mining fubfiance. With fome difficulty, by keeping it long in a 
moderate fire, and covering it feveral times with fulphur, and keeping it conflantly ftirred. 
$ Yellow arfenic. By fufing it with T %-th iis weight of fulphur. 
j Red arfenic. By ditto with ith its weight of fulphur. 
| Arsenic. <{ Ruby of fulphur, or arfenic, or golden fulphur. By fubliming when the proportions are equal, 
j Qrpiment. A natural production ; not perfectly imitable by art ; compofed of fulphur and arfenic. 
\_ Much ufed as a yellow paint. 
^Nickel. A compound; compact and hard as lead ; of a bright metallic appearance; internally yellow. By fufion. 
OILS : ExprefTed, Eiflntial, and Foffile, as above. 

WATER. Gas fylveflre. By receiving the fumes of burning fulphur in water. This ought rather to be called a union of the 
volatile vitriolic acid with water. 



SEMIMETALS. < 



METALS. 



> ALCOHOL may be combined •with the following Subflances t \it. 

ACIDS: Vitriolic, Nitrous, Muriatic, Vegetable, and of Borax, as above. 
ALKALI* : Volatile, as above. 
METALLIC calces, in fome particular cafes. 
OILS : ExprefTed, EfTential, Empyreumatic, and Foffile, as above. 
WATER. By folution. 

GOLD may be combined with the following Subflances, viz. 
ACIDS': Vitriolic*, Nitrous*, and Muriatic*. In the circumfiances and with the phenomena above defcribed. 
ALKALIES : Fixed*, and Volatile*, as above. 

("Silver. By fufion. And the fame is to be underftood of all the combinations of metals> unlefs particularly 
fpecified. 
Platina. Ductile, and of a dufky colour. This has been employed to debafe gold, as it is of the fame fpe- 

cific gravity, and is not difcoverable by the ufual tefts for discovering the purity of gold. 
Lead. A very brittle mafs. Gold is rendered pale by theleaft admixture with this. 
Tin. A brittle mafs when the tin is added in confiderable quantity ; but the former accounts of this have been 

exaggerated. 
Copter. Paler and harder than pure gold. This mixture is ufed in all our coins, the copper being called 

the alloy. 
Iron. Silver-coloured, hard and brittle ; very eafily fufed. 

Mercury. Soft like a pafte called an amalgamum. By folution; it being in this cafe Called amalgamation; 
and the fame is to be underftood of the folution of any other metal in quickfilver. 
/"Zinc A bright and whitifh compound, admitting of a fine polifh, and not fubjecr. totarnifh ; for which quali- 
ties it has been propofed as proper for analyfing fpecula for telefcopes. 
| Arsenic. Brittle; and the gold is thus rendered a little volatile. 
SEMIMETALS. << Antimony. A fine powder for ftaining glafs of a red colour. By calcination. 
J Bismuth*. A brittle whitifh regulus ; volatile in the fire. 

I' Cobalt. 
Nickel. White and brittle. 

SILVER may be combined with the following Sub/lances, viz. 
ACIDS : Vitriolic*, Nitrous*, Muriatic*, Vegetable*, and Acid of Ants*, as above. 
ALKALIES : Fixed* and Volatile*, as above. 

CRYSTALLINE EARTHS and other vitreous matters. A fine yellow opake glafs. The fineft yellow paint for porcelain is 
procured from glafs mixed with filver. 
fGoLD, as above. 

I Plat In a. Pretty pure and malleable. Difficult of fufion ; and in part feparates when cold, 
j Lead. Very brittle. 
METALS. -i Tin. Extremely brittle, as much fo as glafs. 

j Copper. Harder than filver alone. Ufed in fmall proportions as alloy in coins. 

j Iron. A hard whitifh compound. 

^Mercury*. By amalgamation with filver-leaf, or calx of filver precipitated by copper, but not by ftltt 

This is ufed for filverizing on other metals, in the fame Way as the amalgamum of gold. 
fZi nc Hard, fomewhat malleable, and of a white colour, 
j Antimony. A brittle mafs. 
SEMIMETALS. «> Bismuth. A white femi-malleablebody. 

| Arsenic. Brittle ; the filver being rendered in part volatile. 
(_Cobalt. 
SULPHUR, as above. s 

LEAD may be combined with the following Sub/lances, Vnft 
ACIDS : Vitriolic, Nitrons, Muriatic, Vegetable, of Urine, of Ants, as above. 
ALKALIES : Fixed and Volatile, as above, f 

H § 'CRYSTALLINE 
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By fufion in a moderate heat. 
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STALLINE EARTHS. A thin glafs. 
I n and Silver, as above. 
Platina. Of a leafy or fibrous texture, and purplifh or blue colour when expofed to the air. If a large 
proportion of platina is ufed, it feparates in the cold. 

A little harder than cither of the metals, and ealily fufed : hence it is ufed as a folder for lead ; and it 
HI the principal ingredients of pewter. If the fire is long continued, the tin floats on the (urface. 
\LS. -< Copper". Brittle and granulated, like tempered iron or fteel when broke. By throwing pieces oi copper into 

melted lead. The union here is very llight. 
Iron*. An opaque bnnvniih glafs. By a great degree of heat if the iron has been prcvioufly reduced to the 

llate of a calx ; but never in its metallic Hate. 
Mercury*. By amalgamation. Effected only in a melting heat, unlefs fome bifmuth has been prcvioufly 
united with the mercury. 

Hard and brittle. By pouring zinc on melted lead. If the zinc is firft melted, and the lead injected 
upon it, it then deflagrates. 
Antimon 
Bismuth. A grey-coloured fcmi-malleable body, eafily fufed ; and thence ufed as a folder for lead or tin. 

C A grey-coloured brittle mafs, eafily fufed, and extremely volatile. 
Arsenic. < A hyacinth-coloured gl.ifs. By fufion in a confiderable heat. This glafs is eafily fufed; and is 
rj a much more po»* erful flux than pure glafs of lead. 

The nature of this compouud is not known. 
A brittle metallic body. 



METALS. «< 



Cobalt. 
^Nickel. 
OILS: Exprellcd' and Ellcntial, as above. 
SULPHUR! asabotc. 

TIN may be comb'ined with the following Sub/lances, viz. 
ACIDS: Vitriolic*, Nitrous*, Muriatic, Vegetable*, of Urine, as above. 
ALKALIES : Fixed and Volatile, as above. 

CRYSTALLINE EARTHS or other vitreous matters. An opaque white vitreous mafs, which forms the bafis of white enamels. 
'Gold, Silver, and Lead, as above. 

Pi a i in a. A coarft hard incial which larnifhesin the air. 

Copper. A brittle mafs. When the copper is in fmall proportions, it is firmer and harder than pure tin. 
METALS. ^ This, in right proportions with a little zinc, forms bell-metal. 

j Iron. A white brittle compound. By hearing filings of iron red-hot, and pouring melted tin upon them. 

A metal refembling the fineft filvcr is made of iron, tin, and a certain proportion of arfenic. 
(^Mercury. Thisamalgamum forms foils tor mirrors; and forms the yellow pigment called aurum mofaicutu. 

By being fublimed with fulphurand fal ammoniac. 
["Zinc. Hard and brittle. When the zinc is in fmall proportions, it forms a very fine kind of pewter. 
I Aniimony* Regnlus veneris. By elective attraction from copper and crude antimony, 
j Bismuth. Bright, hard, and fonorous, when a fmall proportion of bifmuth is ufed. This is very eafily fufed. 
II METALS. -< and employed as a folder. 

Arsenic. A fubftance in external appearance refembling zinc. 
Cobalt. By fufion. 
Nickel. A brittle metallic mafs. 
OIL : ExprcfTed*,"as above. 
SULPHUIL, as above. 

COPPER may be combined with the following Subftances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, Veritable, of Urine, of Amber, of Ants, as above. 
ALKALIES : Fixed, and Volatile, as above. 

fGoLD, Silver, Lead*, and Tin, as above. 

[ Plat in a. A white and hard compound, which does not tarnifh fo foon as pure copper, and admits of a fine 
METALS. <! poliih. 

Iron. Harder and paler than copper. Eafily fufed. 

Mercury*. A curious amalgam. Soft at firft, but afterwards brittle. By triturating mercury with verdigris 
common fait, vinegar, and water. 

f Brafs. Commonly made by cementation with calamine. The larger the proportion of zinc the 
paler, harder, and more brittle is the brafs. 
Zinc < Pri/tet',1 mstal, pinchbeck, and oi.icr metals refembling gold. By employing zinc in fubftance in fmall 
proportions. The bed pinchbeck bout i -4th of zinc. 
\Spelttr. A native fubftance, found in Cornwall, confifting of zinc and copper, and ufed as a folder 
SEMIMETALSJ Antimony. By fofion. 

I Bismuth. A palifh brittle maf=. Somewhat refembling filver. 

j Arsenic. White copper. By ronring arfenic, fufed with nitre, upon cqpper in fufion. If too large a propor- 
tion of arfenic is ufed, it makes the compound black and apt to tarnifh. 
1 Cobalt. White and brittle. 
[nickel. White and brittle, and apt to tarnifh. 
OILS : Fffential, as above. 
SULPHUR, as above. 

IRON 
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IRON may be combined with the following Subflances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, Vegetable, of Urine, of Amber, of Ants, as above. 
ALKALIES : Fixed*, and Volatile, as above. 

VITRESCENT EARTHS. A tranfparent glafs. In general blackifh ; but fometimes yellow, green, or bine. The colour is 
influenced by the degree of heat as well as nature of the ingredients. 
_. „ f Gold, Silver*, Lead*, Tin, and Copper, as above. 

Mh 1 ALb. 1 Platina. With call iron it forms a compound remarkably hard, fomewhat ductile, and fufceptible of a fine 

polifh. 
f Zinc. A white fubftance refembling filver. 

j Antimony. The magnetic quality of the iron is totally deftroyed in this compound. 
I Bismuth. In a ftrong heat, this emitteth flames. 
SEMIMETALS. ^Arsenic A whitifh, hard, and brittle compound. By fufing with foap or tartar. A metal refembling fine 
fteel is made by fufing caft iron with a little arfenic and glafs. 
I Cobalt. A compound remarkably ductile. By fufion in a moderate hear. 
[^Nickel. A brittle mafs. 
SULPHUR, as above. 

M E R C U R T may be combined with the following Subflances , viz. 
ACIDS : Vitriolic, Nitrious, Muriatic, Vegetable*, of Urine, as above. 
ALKALI : Fixed*, as above. 

_ i Gold, Silver*, Lead*, Tin, and Copper, as above. 

ML T. A . \ Platina. The compound refulting from this mixture is not known. 

["Zinc. An amalgam. Soft or hard, according to the proportions employed. 

I Antimony. By melting the regulus, and pouring it upon boiling mercury. By frequently diftilling from 
SEMIMETALS. ^' this amalgam, the mercury is rendered much more pure, and then is called animated mercury. 

' Bismuth. A filverizing for iron. By putting this amalgam upon iron, and evaporating the mercury. It has 

much the appearance of filver. 
_Cobalt. By mixing firft with nickel, and then adding mercury. 
SULPHUR, as above. 

ZINC may be combined with the following Subflances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, Vegetable, of Urine, of Amber, of Ants, as above. 

f Gold, Silver, Lead, Tin, Copper, and Iron, as above. 
METALS. -) Platina A hard fubftance. 

£ Mercury, as above. 

C Antimony. This mixture is applied to no particular ufe. 
SEMIMETALS. ^Arsenic. A black and friable mafs. 

? Cobalt. The particular nature and properties of this mixt is not known. 
OIL : Exprefled*, as above. 
SULPHUR*, as above. 

A NT I MO NY may be combined with the following Subflances, viz. 
ACIDS : Vitriolic*, Nitrons, Vegetable*, and Urinous. With the phenomena, and by the means above defcribed. 
ALKALIES : Fixed and Volatile, as above. 
VITREOUS EARTHS. A thin penetrating glafs ; which is a powerful flux of metals. 

("Gold, Silver, Lead, Tin*, Copper, and Iron, as above. 
METALS. ^Ptatina. A hard mafs. 

? Mercury, and Zinc, as above. 
(~ Bismuth. A mafs refembling regulus of Antimony. 
S Arsenic. The nature and qualities of this mixt arc not known. 
SEMIMETALS. < CoBALT# Nature unknown. 

(_ Nickel. Ditto. 
SULPHUR, as above. 

BISMUTH may be combined with the following Subflances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, Vegetable, and Urinous ; with the phenomena, &c. above defcribed. 
ALKALIES : Fixed*, and Volatile*, as above. 

VITREOUS MATTERS. A yellow glafs. The ore of Bifmuth affords with thefe a blue glafs ; but this is probably owing to 
fome mixture of Cobalt with it. 

C Gold, Silver, Lead, Tin, Copper, and Iron, as above. 
METALS. < Platina. This mixture changes its colour much on being expofed to the air.. 

(_ Mercury, as above. 
(Antimony, as above. 
cfmtmftat <; J Arsenic. Na;ure not known 

bLIViiJyit 1 alj. < CoBAL f # t By mixing firft with with nickel or regulus of antimony, and then adding cobalt ; bat it cannot be 
£ united by itfelf. 

Nickel. This mixt is not known. 
SULPHUR, as above. 

A R S E N I C may be combined with the following Subflances, viz. 
ACIDS : Vitriolic, Muriatic*, Vegetable*, and Urinous j with the phenomena, <jc abovementioned. 

ALKALIES. 






CHEMISTRY. Tabic. 



Fixed, aid Volatile ; with the phenomena, anJ by ihe means mentioned above. 

fs which greatly promotes the fnlion of other kibrtanccs. The arfenic mud firft be prepared by 



:\g and precipitating from alkalies. 
.. , . s ( Gold, Silver, Lead, Tin, Copper, and Iron, as above. 

( Platii 



/iNc, Antimony, and Bifmuth, as above. 
MIMETALS. ^Copalt. 

f Nickel. The phenomena attending thefe mixtures have not been as yet particularly obferved. 
SULPHUR, as above. 

p L AT 1 N A may be combined with the jollowing Sub fiances, viz- 
ACIDS: Muriatic* i with the phenomena, ire. mentioned above. 
ALKALI] Volatile, as above. 

METALS: Gold, Silver, Mercury, Tin, Copper, and Iron, as above. 

C Zi nc, Bifmuth, and Arfenic, as above. 
[IMETALS. > Cobalt. 

£ Nickel. The phenomena attending thefe mixtures not yet obferved. 

COBALT may be combined with the following Sub/lances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, and Urinous ; with the phenomena, ire. as above defcribed. 
ALKALI : Volatile, as above. 

C Saffre. By mixing calcined cobalt with calx of flint, and moiftening them with water, ana 
EARTHS. Calx of Flint. -< preffing them clofe in wooden tubs. 

/ Smalt. By vitrifying thefe with the addition of a little potafh. 
METALS : Golp, Silver, Platina, Mercury*, Lead, Tin, Copper, and Iron, as above. 

kkmimktat s J ZlHC, Antimony, Bifmuth', and Arfenic, as above. 
htMlMfc 1 ALb. I jsIickel. The properties of this compound not known. 

NICKEL may be \ jith the following Sub fiances, viz 

ACIDS: Nitrous, and Muriatic ; with the phenomena, tc. as mentioned above. 
ALKALI : Volatile, as above. 

METALS : Gold, Platina, Lead, Tin, Copper, and Iron, as above. 
SKMIMETALS : Antimony, Bifmuth, Arfenic, and Cobalt, as above. 
1 PHUft, as above. 

ABSORBENT EARTHS may U combined with the following Sub/lances, viz. 
ACIDS : Vitriolic, Nitrous, Muriatic, and Vegetable ; with the phenomena, and by the ailiftances abovementioned. 
ALKALIES: Fixed as above. 

( Crystaline. By this mixture they are both much eafier melted into glafs than by themfelves, but not with* 
EARTHS. < out the addition of fome alkali. 

r Argillaceous. This mixture eafily runs into a glafs without any addition. 
WATER. Lime-water. By folution. It is fometimes found flowing cut of the earth in fprings ; and as it always quits tha 

water when expofed to the air, it is there depofed on the banks of the ftreams, forming the ftony incruftati- 
ons called petrifications : And filtering through the pores of the earth, and dropping through the roofs of 
fubterrancous caves, it forms the curious incruftations found hanging from the roof of fuch places ; fome- 
times affirming forms ftupeuduoufly magnificent. 
AIR. Fixt. Lime-flone. It is from the quality that quick-lime has of abforbing it3 air, again with it refuming 

its ftony confidence, that it is fitted for a cement in building ; and the great hardnefs of the 
cements in old buildings is owing to the air being more perfectly united with thefe than in newel 
works. 

C RYST ALL IN E or V IT R RSC E NT EARTHS may be combined mith the following Subftances, viz. 
flfclDS : Vitriolic*, and Nitrous* ; with the phenomena, in. as abovementioned. 
ALKALI : Fixed, as aboye. 
ABSORBENT EARTHS : as above. 

ARGILLACEOUS EARTHS. A raafs running into glafs in a moderate heat. 
METALS : Lead, Tin, Copper, and Iron, as above. 

WATER. Although this is not foluble in water by any operation that we are acquainted witli ; yet, from itscryftalline form, it 
robable that it has been once fufpended \ and certainly it is fo at this day in thole petrifying fprings \\hofc incruftations arc 

of the crylUHine fort. 

METALS : Antimony, Bifmuth, Arfenic, and Cobalt, as above. 

ARGILLACEOUS EARTH may be combined with Abforbent and Cryftalline Earths, as above. With water it only unites into a 
pifte of a mechanical nature, INDEX. 
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Absolute heat, defined, n° 37. 
Difference of the abfolute heat of 
different fluids, 46. 

Abforptlon of beat the univcrfal caufe 
of fluidity, 119. Vapour formed 
by the abforption of latent Ik at, 
iao. 

Accenfton of Hombcrg's pyrophorus 
explained, 1418. 

Acetous acid, its fpccific gravity, 400. 
This acid and its combinations par- 
ticularly treated of, 867. Procu- 
red by a particular kind of fermen- 
tation, ib Of its combination with 
alkalies, 868. With earths, 872 
etfeq. With metallic fubftances, ib. 
Whether tin be folublc in it, 879. 
Of its concentration, 881. May be 
cryftaliized in form of a fait, 882. 
May be reduced into an aerial 
form, 883. Its combination with 
inflammable bodies, 884. Produ- 
ces a greater quantity of ether than 
the vitriolic acid, ib. Acid of 
milk feems to be of the acetous 
kind, 978. Whey may be con- 
verted into an acetous acid, 979. 
May be almoft entirely destroyed 
by fire, 1001. Requifites for 
bringing it nearer to the ftate of 
tartar, 1002. Weftrumb's unfuc- 
cefsful attempt to do fo, 1003. Dr 
C'rell's opinion of the poflibility of 
this tranfmutation, 1004. Method 
recommended by him for trying 
the experiment, IC05. His expe- 
riments proving that all the vege- 
table acids may be reduced to the 
acetous, 1006, Uf fq. Manga- 
nefe foluble with difficulty in it, 
1369 Procurable from the refi- 
duum of vitriolic ether, 2d 722 
Beft prepared from fugar of lead 
and oil of vitriol, 882. Mr Dolfufs's 
method of making the acetous 
ether readily, 884 How to pre- 
pare it from Vinegar of wood, ib 
The acetous acid has an affinity 
with that of ants, 1504. How to 
cryflalbze its combination with the 
volatile alkali, 1.515. Particular 
defcription of the fans formed by 
combining it with calcareous earth, 
1516. With magnefia, 15 17 Its 
phenomena with zinc : 1518 With 
arfenic, 15 9 Suppofed to he an 
antidote againft that poifon, 1520. 
Produces a curious phofphoric li- 
quor with it, 2d 957, IJ2I. Its 
effeds.on fuver, 523. Gold, 

1524. Inflammable fubftances, 

1525. Diffol/es gums, gum- refins, 
the flefh and bones of animals, &c. 
ib. Various methods of concen- 
trating it, 1526. Of its cryftalli- 
zation, 1527. Difference between 
common acetous acid and radical 
vinegar, 1528. Mr Keir's opi- 
nion concerning them, 1529 How 
to obtain it from terra foliata tar- 
tari, ib. 

Atbtnd\ method of making crucibles 
from the calx of platina, 387. 



Acid : Phenomena attending the fo- 
lufion of a metal in one, 180. The 
nitrous moft violent in its opera- 
tion, 181. Vitriolic acid next to 
it, 182 The marine acid much 
weaker than either, except when 
dephlogifticated, 183. The other 
acids ftill weaker, 184. Why the 
nitrous acid precipitates a folution 
of tin or antimony, 200. Pure 
vitriolic acid cannot be reduced in- 
to an aerial flate but by combi- 
nation with phlogifton, 202 The 
nitrous acid ftill more remark- 
ably changed by fuch a combina- 
tion, 203. The marine acid ca- 
pable of affuming an aerial flate 
by reafon of the phlogifton it na- 
turally contains, 205. Table of 
the quantity of acid taken up by 
various bafes, 268. Th« vitriolic 
acid contains more fire than the 
nitrous or marine, 278. On the 
expulfion of the nitrous by the di- 
luted vitriolic acid, 28c. By the 
fame concentrated, 281. By a 
fmall quantity of dilute vitriolic 
acid, 282. On the expulfion of 
the marine acid by the concentra- 
ted vitriolic, 283. On the decom- 
pofition of vitriolated tartar by ni- 
trous acid, 28.S- This fait cannot 
be decompofed by dilute nitrous 
acid, 287. Of its decompofition 
by marine acid, 288. Requifites 
for the fuccefs of the experiment, 
289. Why the marine acid can- 
not decompofe vitriolated tartar 
previoufly diffolved in water, 290. 
The decompofitions of vitriolic 
ammoniac and Glauber's fait by 
this acid never complete, 291. Ni- 
trous falts decompofed by it, 292. 
Marine falts decompofed by the 
nitrous acid, 293. Selenite can- 
not be decompofed by marine acid, 
and why, 294. Why the vitriolic 
acid refumes, on evaporation, the 
bafis it had left, 295. An excefs 
of acid requifue to make metals 
foluble in water, 2;7- Nitrous 
acid attrads filver more than fixed 
alkali, 301. Solution of lead in 
nitrous acid decompoftd by falts 
containing the marine acid, 312. 
Vitr.ol of mercury decompofed by 
marine ac d, 313. Precipitation 
of corrofive fuhl mate by con- 
centrated vitriol. c acid explained, 
315. Of the excels of acid in 
the folution proper for ma- 
king experiments on metallic pre- 
cipitates, 334. Iron and zinc 
the only metals diffolved by vitrio- 
lic acid, 337. Nitrous acid dif- 
folved al 1 metals, though it has 
lefs affinity with them than the 
vitriolic or marine, 338 Why 
it rannot diffolve them when very 
concentrated, 339. In what cafes 
marine acid can diffolve metals, 
and when it cannot, 340. A triple 
fait formed by marine acid, iron. 



and regulus of antimony, 366. A- 
nother by the fame acid, regulus 
of antimony, and copper, 367. 
Bifmuth precipitates arfenic from 
the nitrous acid, 369. Copper preci- 
pitates it from the marine acid, 370. 
Method of finding the quantity cf 
pure acid contained in fpirit of fait, 
376 In other acid liquors, 378. 
Quantities of acid, water, and alka- 
li, in digeflive fait, 379. Mr Kir- 
wan's method of faturating an ac/d 
exactly with an alkali, 381. Quan- 
tity of mild and cauftic vegetable 
alkali faturated by a given quanti- 
ty of marine acid, 382. Pure ni- 
trous acid cannot be made to af- 
fume an aerial flate, 383. How 
to determine the quantity of pure 
acid in fpirit of nitre, 384. Pro- 
portion of acid in fpirit of nitre to 
that in fpirit of fait, 385. To find 
the fpecific gravity of the pure ni- 
trous acid, 386. To determine 
its mathematical fpecific gravity, 
388. Of the quantity of real acid 
contained in it, 389. Quantity of 
acid, water, and alkali, in nitre, 
391. Experiments on the fpecific 
gravity, &c. of vitriolic acid, 395. 
Dilution of the concentrated acid 
iiTceffary for thefe experiments, 
396. How to find the fpecific 
gravity of pure vitriolic acid, 397. 
Quantity of acid, water, and alka- 
li, in vitriolated tartar determined, 
398. Specific gravity of the ace- 
tous acid, 400. Why the precipi- 
tates of alum and mercury contain 
a part of the acid, 408. How to 
determine the quantity of pure 
acid in any fubftance, 410. .Exact 
computation of the quantity of 
pure acid taken up by mild vege- 
table alkali, 418. Of the quanti- 
ties of acid and water in fpirit of 
nitre, 426 Quantity of pure acid 
taken up by various fubftances, 
428. Quantity of vitriolic acid 
neceffary to faturate mineral alka- 
li, 430. Of the fame alkali fa- 
turated by dephlogifticated nitrous 
acid, 432. By marine acid, 
433- Quantity of marine acid 
ii'.turated by calcareous earth, 438. 
Alum always contains an excefs 
of acid, 448. Proportion of 
the pure earth of alum taken up 
by nitrous acid, 449- By marine 
acid, 4 so. Quantity of iron taken 
up by the vitriolic acid, 453. Why 
vitriolic air Is produced by diffol- 
ving iron in concentrated vitriolic 
acid, 435. Of the folution of the 
calces of iron in vitriolic acid, 456. 
Proportion of iron diffolved by the 
nitrous acid, 458. Vitriolic acid 
ads on iron in a much more di- 
lute ftate than the nitrous, 461. 
Proportion of this metal taken up 
by the marine acid, 462. Calces of 
iron precipitated of a reddifh colour 
from the marine acid, 463. Of the 



quantity of copper diffolved in the 
vitriolic acid, 464. Inflammable 
and vitriolic are obtained by diffol- 
ving copper in this acid, 465. Why 
the dilute vitriolic acid will not 
act upon copper, 566. Quantity 
of copper diffolved in nitrous acid, 
468. In marine acid, 469. Ef- 
fed of the vitriolic acid on tin, 
470. Of the nitrous acid, of the 
marine acid, of the vitriolic acid, 
on lead, 474. Of the nitrous acid, 
475. Scarce foluble in dilute vi- 
triolic acid, 476. Effects of the 
marine acid upon lead, 477. Of 
the vitriolic acid on filver, 478. 
Of nitrous acid on the fame, 479- 
Of the diffolution of filver in the 
marine acid, 480. The nitrous acid 
cannot, according to Mr Kirwan, 
diffolve gold, 484. Effects of the 
vitriolic acid on mercury 485. 
Of the nitrous acid, 486. Of the 
marine acid, 2d 486. Of the vi- 
triolic acid on zinc, 487. Of ni- 
trous acid upon it, 488. Lefs of 
this femimetal diffolved by con- 
centrated than by dilute nitrous 
acid, 489. Effects of the marine 
acid on zinc, 490 Vitriolic acid 
can fcarce diffolve bifmuth, 491. 
Nitrous acid diffolves it readily, 
492. Marine acid fcarce acts up- 
on it, 593. Effects of vitriolic a- 
cid on nickel, 2d 493. Of nitrous 
acid, 494 Of marine acid, 495. 
Of the vitriolic acid on cobalt, 
496. Of nitrous acid, 497. Of 
the marine acid, 498 Of vitrio- 
lic acid on regulus of antimony, 
499. Of nitrous acid, 500. Of 
the marine acid, 501. Of vitrio- 
lic acid on regulus of arfenic, 502. 
Of nitrous acid, 503. Of marine 
acid, 504. Quantity of phlogifton 
contained in it, 509. Why the 
marine acid ads fo weakly, 
510. How to diftil acid fpirits, 
SIS' Luting proper for them, 
577- Of the vitriolic acid and its 
combinations, 612, ct feq. See Vi- 
triolic. Miftake of Mr Morveau 
concerning the excefs of acid con- 
tained in alum deteded by Mr 
Kirwan, 642. This excefs necef- 
fary to render alum foluble in wa- 
ter, 643. Too great an excefs 
prevents the cryfb.liization of the 
fait, 681. This excefs beft reme- 
died by the addition of pure cky 
to the liquor. 682, ctfq. The fu- 
perfluous acid might be advanta- 
geoufly diftilled, 689. Nitrous a- 
cid and its combinations, 722, etfeq. 
See Nitrons- Experiment on the 
tranfmutation of vitriolic into ni- 
trous acid, 721. Inconclufive, 722. 
Marine acid and its combinations, 
782, et feq. This acid may be de- 
phlogifticated by fpirit of nitre or 
manganese, 790. Mr Schecle's 
method of doing it by means of 
manganefe, 791. Properties of 
dephlogifticated 
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accruing iu 

be different from I 

the vi- 
•he ■- 

- 
' n tl.c acctoui arid and 
rabioatiotu, 

Of the acid of tartar, 
Tartar. Of the a- 

-!. OI the phofpho- 
ric acid, 9 

. 908. 

.Inti. Of the acid of amber, 

— 915. Puril rim a- 

• of l]>irit of nitre 

on it, 912. ()l oil of vitriol, 91?. 

of tlie acid of arfenic, 916, 1 

Nitrous b irfenic, 

fo de] hlogifl 

marirc acid, 919. See Arfenic, Of 

the aei ! of molybdzna, 958. it fnj. 

, 1 : arfenical acid on 

• 9.? 9- Nitrous acid 

it, 960. Sec 

■ id of lapis 

ponderofus, tungfUn or wolfram, 

TungRen. Differ- 

icida of molj b- 

,-1. Why 

he metallic emrtbs, 97a, 973i Of 
the acid of milk 974, <f ,7. Con- 

tains the acids of tartar and It.i- 

i.ilt , 975. OI the acid of fugar of 
milk, 980,981. See MM Of the 
acid of hui 

Of the 1 '. of benzoin, 

Flowers and Bm- 
■iH, Whether the acid of fugar 
or o( tartar is the bad of the ano- 

maloui v. 6. Dr 

Cn ll'i method of cryftallizii 

The cry ft a l- 
atmot be converted into 

acid of fugar, 999 Producl of the 
acid J diftillation, 

iooo. Acetous acid almoQ entirely 
deftru&ible by lire, 1001. Of the 
tranfmutation of the vegetable a- 
cids into tl id, 1002 — 

I015. I henomena re- 

fulting from the mixture of acid 
fpirits with one another, 
Solution of falts promoted by vi- 
triolic acid, 1048. Terra ponde- 
nfually found in a flate of 
comb I, 1049. 

See Terra 
tter contained 
in tbx (hown to be 

Vitriolic acid ca- 
tion of terra 
- 
licuni foluble in :itratcd 

- 

i rated by an 

■without the afliitance of heat, 

Earth of flint> precipitated 



by fluor acid, 1080. Neither the 
nitrous not 111.11 i Ifary 

for the preparation 1 t annun ful- 
minant 1 ■ 1 . v id par- 
tiall] diffoh 1 Ma- 
rine acid diffolvci it totally, taya. 
precipitate* 
from its folution in marine 
acid, and from that only, 1 : 7 3 . 
Arfenic decompofed by dcphlogi- 
fticatcd marine acid, I 274. Pheno- 
mena of arfenic with nitrous acid, 
1280. Butter of arfenic can fcarce 
be made to unite with marine" acid, 
.. Reguhii of arfenic convert- 
ed by the vitriolic acid into white 
atfenic, 1292. Phenomena of co- 
balt with vitriolic acid, I3OO. With 
nitrous acid, 1301. With marine 
acid, 1302 With the acid of borax, 
1303. Effects of the nitrous acid 
on nickel, 1313. Dephlogifticated 
marine acid the only folvcnt of 
platina, 1319. Solution of that 
metal in an aqua regia compofed 
of nitrous acid and fpirit of fait, 
1323. In one compofed of marine 
acid and nitre, 1324. Solution 
of calx of platina in marine acid 
h tl fall a cryftalline powder on the 
addition of vegetable alkali, 1325. 
But not that in the nitrous acid, 
1526. Phenomena of niauganefc 
With vitriolic acid, 1360. Phlogi- 
fticated vitriolic acid entirely dif- 
folves it, 1361. And lil.ewilc the 

rifticated nitrous acid, 1363. 
Effect oi it on marine acid, 1 364. 
Entirely diffolvcd by this acid 
without addition, I ,6c. Piaor 
acid l diffolve it, 1366. 

Or phofphoric acid, 1367. Acid 
of tartar partly diffolvts manga- 
nefe, 1368. Acetous acid c flee! 6 
a folution with difficulty, 1369. 
Acid of lemons entirely diflolves 
it, 1370. As does alfo water im- 
pregnated with aerial acid, 1 37 1. 
No jure acid can diflolve manga- 
nefe after it has loff its ] hli g 
I375. Why the concentrated vi- 
triolic acid diffolves it without 
addition, 1378. Why the volatile 
fulphureous acid diffolves it, 1379. 
Effects of the nitrous acid on it 
explained, 1380. Exiftence of 
phlogifton proved in the marine 
acici, 1381. Explanation of the 
effects of acid of tartar and of le- 
mons, 1382. And of fluor arid, 
Effects of diverting man- 
gancfe and volatile alkali with ni- 
trous acid, 1393. An acid fuppofed 
to occafion the tafte of eflential 
oils, 142c. A new one difcovered 
by MrHi.mberg, 2d 825. See Acids. 

.lfo Vitriolic, Nitous, Marine, 
Acetous, Tartar , Fluor, &c. 
Acids, one of the principal claffes of 
fahs, 16;. Divided into mineral, 
vegetable, and animal, ib. Their 
different action compared with 
that oJ 171. Unite with 

alkalies into neutral falts, fome- 
times with, and Sometimes with- 
out, < ,172. Change 
the blue colour of vegetables to 
red, 173. Different degrees of their 



attraction to alkalies, 174. The 
vitriolic ft rouge ft in a liquid ftatc, 
ib. Marine acid flrongeft in a 
lt..te of vapour, ib. The fixed 
acids llrongeft when the fubjc&s 
are urged with a violent heat, ih. 
Attraction of the different acids 
for phlogifton, 175. The acids are 
capable of Forming an anion with 
metals or earths, I -6. Will leave 
a metal to unite with ;n earth, 
176,177. And an earth to unite 

with a mild volatile alkali, ib. 
Will leave a volatile, to unite" with 
a fixed alkali, ib. Some will leave 
a fixed alkali to unite with phlo- 
gifton, 175, 178. Exceptions to 
thefc rules, 179. Why precipi- 
tates are fometimes thrown down 
by them, 221. Explanation of the 
decompofitions effected by acids a- 
lone, 266. Quantities of the dif- 
ferent acids taken up by various 
bales, 268. This quantity expref- 
five of the quantity of attraction 
they have for each of thefe bafes, 
269. ,,; triolic falts decompound- 
id by the nitrous and marine acids, 
275. Acids unite with alkalies by 
giving out fire, and quit them by re- 
ceiving it, 286. The attractive pow- 
ers of acids to metals difficult to be 
dettrmined, 296. Proportions of the 
different metallic Jubilances taken 
op by the different acids, 298. Me- 
tals have a greater affinity with a- 
cids than alkalies, 299, 303. Ex- 
planation of the table of the affi- 
nities to the different metallic fub- 
ftances, 316. An equal quantity 
of all the mineral acids taken up 
by vegetable fixed alkali, 402. 
Quantity of this alkali rcquifite to 
faturate the feveral acids, 403. A- 
eids can never totally dephlogifti- 
catc metallic earths, 407. Con- 
centrated acids phlogifticated by 
alkalies, 409. Of the time re- 
quired by mixtures of the mineral 
acids with water to attain their ut- 
moft denfity, 422. Of the altera- 
tions of their denfities by various 
degrees of heat, 423. Acids can- 
not diffolve calcined magnefia 
without heat, 442. Phenome- 
na of different acids with in- 
flammable fubftances, 518. Me- 
tals foluble in acids, 520, Calci- 
nation and increafe of their weight 
by acids, 523. How to. diftil the 
mineral acids, 575. Vitriolic, phof- 
phoric, and acetous, acids, found 
in the refm extracted from the re- 
fidtium of vitriolic ether, 2d 72a. 
Nitrous, marine, and phofphoric 
acids, capable of expelling the fluor 
acid, 2d 850. Acids of fal ammo- 
niac and nitre expelled by fait of 
amber, 910. Of the anomalous ve- 
getable acids, and the refemblance 
which vegetable acids in general 
bear to one another, 984, et feq. 
How the anomalous veget; ; 
cids are divided, 993. Of 1 
fential acids, 994. Empyreuma- 
tic acids, 995. V nether the acid 
of fugar or cf tar- I afis of 

^-euble acidt, 996, Dr CrelJ's 



Index. 

proofs that all the vegetable acids 
may be reduced to one, which 11 

contained in the purcft fpirit of 
wine, 1006. Phenomena at 1 1 tid- 
ing the difiolution of vitriolic IjIu 
in nitrous or marine acids are not 
neceffary for the preparation of an« 
rum fulminai , 1 1 1 -. Copper un- 
dergoes a change by combination 
With vegetable acids, 1151. Co- 
louring matter of Pruffian blue ex- 
pelled by acids, and then taken up 
by the atmofpherc, II77. Pheno- 
mena of arfenic with different a- 
cids, 1275. Mangancfe become* in- 
foluble in pure acids, by lofing its 
phlogifton, 1375. See A,iJ;,>Vitri- 
die, Murine, Vegetable, ckc. 

Acids and Alkalies : inaccuracy of the 
common tefts for trying them, 
1549. Mr Watt's experiments on 
this fubject, ib. His method of 
preparing a teft from cabbag 
other plants, 1550, et feq. Abforli 
air during their formation, 1543. 

Adopters, or Aludels, delcribcd, 579. 

Aerated terra fonderofa, analized by 
Dr Withering, 1057. 

Aerial acid : the converfion of dephlo- 
gifticated air into it by means of 
charcoal, a proof of the identity of 
phlogifton and charcoal, 151. De- 
fcription of the terra ponderofa 
combined with the aerial acid, 
105 I. Aerial acid and phlogifton 
fuppofed to exift in the colouring 
matter Pruflian blue, 1 196. Sec 
Fixed Air, 

Affinities, quiefcent and divellcnt, dc- 
feribed, 267. Table of the affini- 
ties of the three mineral acids to 
the different metals, 298. Expla- 
nation of this table, 316. Tabic of 
the proportional affinities of the 
metallic calces to phlogifton, 330. 
Dr Black's general table of affini- 
ties, 553. 

Affinity of the different metals to 
phlogifton, how determined, 328* 

Agents in chemiftry, how diftinguifh- 
ed from the objects of it, 22. 

Air fupplies inflammable bodies with 
the heat they emit during combu- 
ftion, 157. Too great a quantity 
of air will diminifh the heat of a 
fire, or even put it out entirely, 
and why, 159. Only a fmall quan- 
tity of air can be obtained from 
metals when calcined, 191. Dif- 
ferent kinds of it produced during 
the difiolution of metals, aoi Spe- 
cific gravity of the different kinds 
of air according to Fontana, 375. 
Expofure of aluminous ores to the 
air fometimes has the fame effecl: 
with roafting them, 663. Vitriol 
deprived of its phlogifton by expo- 
fure to the air, 687. Lixivium fan- 
guinis lofes its colouring matter 
by expofure to the air, 11 72. This 
colouring matter taken np by the 
air after it has been expelled by a- 
cids, 1177. 'hforbed during the 
formation of acids, 1543. 

Air-iukbles produced in water du- 
ring the act of congelation, occa- 
fion its cxpanfion and prodigious 
force, 109. They arc extricated 
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by a part of the latent heat riif- 
eharged from the water at that 
time, no. 

.r ; the'r labours were of fome 
itage to chemiftry, 13. 
firlt mentioned by Julius 
Firmicus Matcrjus, a writer of 
the 4th century, 8. ^uppofed to be 
firft derived from the Arabians', 
10. The pretenders to it very 
numerous in the beginning of the 
16th century, 12. 

Ahbornci experiments on the effects 
of mixing tin with gold, 1092, 
ttfeq. 

Alembic, derivation of that word, 5. 

Al embroil f-.il, made by fubliming e- 
qual quantities of corrofive' fubli- 
mate and fal ammoniac, 1047. 
Said to diffolve all the metals, ib. 
Convertible by repeated diftilla- 
tions into a fluid that cannot be 
raifed into vapours by the ftrongeft 
heat, ib. 

A!g a rotl powder, prepared by preci- 
pitating butter of antimony with 
water, 821. The moft proper ma- 
terial for the preparation of eme- 
tic tartar, 1259. Shown by Mr 
Scheele to be a regulus half calci- 
ned by dcphlogifticated marine a- 
cid, 1261. His receipt for prepa- 
ring it cheap, 1262. 

Alkali lefs attracted by nitrous acid 
than Giver, 301. Metallic earths 
more ffrongly attracted by acids 
than volatile alkali, 303. Why the 
metallic earths feldom decompofe 
thofe falts that have an alkali for 
their bafis, 304. Quantity of alka- 
li, acid, and water, contained in 
digeftive fait, 379. Mr Kirwan's 
method^of faturating an alkali ex- 
actly with antacid, 381. Quantity 
of mild and cauftic vegetable fix- 
ed alkali faturafed by a given 
weight of marine acid, 382. Quan- 
tity of alkali, water, and acid, in 
nitre, 391. Of the fame ingre- 
dients in vitriolated tartar, 398. 
Vegetable fixed alkali takes up an 
equal quantity of all the mineral 
acids, 402. Specific gravity of the 
vegetable alkali determined,. 412. 
Quantity of earth contained in 
this alkali, 413. Of the quantity 
of fixed air contained in oil of tar- 
tar and tiry vegetable alkali, 4T4. 
Quantities of fixed air contained 
in impure vegetable aikali deter- 
mined by Mr Cavendiih, 417. Ex- 
act quantity of acid taken up by 
mild fixed alkali, 418. Mineral al- 
ow prepared by Mr Kirwan 
for his experiments, 429. Of the 
quantity of vitriolic acid necef- 
iary to faturate 1 00 grains of it, 
430. Quantity of dephlogiftica- 
tcd nitrous acid taken up by it, 
432. Of the marine aci I, 
Proportion of pure alkali, water, 
and fixed air, in cryftailizcd mine- 
ral alkali, 434. Excefs of acid in 
aluminous liquor cannot be remo- 
ved by mineral alkali, though it 
may be by the vegetable and vo- 



latile kinds, 680. Vitriolic acid 
combined with fixed alkali, 628, 
629 With volatile alkali, 61,3. 
Nitrous acid combined with vege- 
table fixed alkali, 740 With fof- 
file alkali, 741 With volatile al- 
kali, 745 Marine acid combined 
with vegetable alkali, 794 With 
mineral alkali, ib With volatile 
alkali, 795 Fluor acid combined 
with fixed alkali, 4th 850 With 
volatile alkali, 851 Glufs cor- 
roded by the fait formed from the 
union of fluor acid and volatile al- 
kali, 854 Sedative fait combined 
with the vegetable alkali, 862 
With the mineral alkali, 863 A- 
cetous acid combined with vege- 
table alkali, 868 With mineral 
alkali, 869 With volatile alkali, 
870 Acid of tartar combined 
with vegetable alkali, 889 With 
fofiil alkali, 891. With volatile 
alkali, 892. Acid of fugar with 
vegetable alkali, 899 With fofiil 
alkali, ib. Incredible quantity of 
volatile alkali fatuiated by it, 900 
Phofphoric acid with fixed alkali, 
906 With volatile alkali, 904 
Acid of ants combiued with fixed 
and volatile alkali, 908 Acid of 
amber with fixed alkalies, 909 
With volatile alkali, ib. Acid of 
arfeiiic with vegetable fixed alkali, 
925 With mineral aikali, 927. 
With volatile alkali, 928 Vege- 
table alkali capable of being re- 
duced into cryftals by means or fpi- 
rit of wine, 1017 Without any 
addition into rieliquefcent cryftals, 
ib. Mineral alkali always aJ 
a cryftalline form, ib. Change 
on the vegetable aikali by being 
united with fpirit of fait, 1018 
Difference betwixt the vegetable 
and mineral alkali, 1019 The for- 
mer has a greater attraction for a- 
cids, ib. J3oth of them compofed 
of a cauftic fait and fixed air, 1020 
Of the volatile alkali, 1030 Of the 
method of diftilliug it, 1031 Of its 
rectification, 1034 Combined with 
fixed air, 1033 Combined with 
metals, 1034 With inflammable 
fubftances, 1055 With expreffed 
oils, ib With effential oils and 
fpirit of wine, 1036, 1037 With 
fulphur, 1038 Solutions of cal- 
careous earth decompofc-d by mild 
volatile alkali, 1046 Cauftic fix- 
ed alkali throws down an infoluble 
precipitate Irom folution of terra 
ponderofa, 1056 Vegetable al- 
kali precipitates marmor metalli- 
cum unchanged from concentra- 
ted vitriolic acid, 1064 Volatile 
alkali precipitates filiceou* earth 
more completely than any other, 
1074 A triple fait formed by pre- 
cipitating this earth with fixed al- 
1075 Siliceous earth diflol- 
ved by boiling in folution of alka- 
li, iOy 6 A remarkable attraction 
ixt fixed alkali and filiceous 
earth in the dry way, 1077 
The ufe of volatile alkali oidy 



lately known in the J 
tion of aurum fuiminans, i.ic6 
This alkali the caufe of the 
explofion, 1 121 It exhibits a 
flafh when thrown into a crucible 
by itfelf, itiz Ufed in the prepa- 
h ot" fulminating filver, 1 39 
Phlogiflicated alkali lofes its pe- 
culiar properties, ri 68 Colouring 
matter of Pruffian blue unit' 
volatile alkali, 1182 Forms a kind 
of ammoniacal fait with it, 1186 
Volatile alkali produced by diftil- 
liug Pruffian blue, 1197 Pheno- 
mena on diftilling metallic precipi- 
tates thrown down by Prufiiu 
li, 1198 Volatile alkali capable of 
uniting with fixed alkali and phlo- 
gifton fo as to be capable of fuftain- 
ing a great degree of heat, 1202 
Phlogiflicated alkali cannot preci- 
pitate arfenic except from marine 
acid, 1273 Effects of volatile al- 
kali on nickel, 13 14 Mineral 
alkali capable of decompofing cry- 
ftals of platina, but not the vege- 
table alkali, 1322 Cryftalline 
powder precipitated from folu- 
tion of calx of piatma in marine 
acid, by means of vegetable alka- 
li, 132$ But not from the folution 
in nitrous acid, 1326 Whether 
mineral alkali can decompofe folu- 
tions of platina, 1 3 28 Fifty-fix 
times as much of it required lor 
this purpofe as of vegetable alkali, 
1329 Effects of the volatile alkali 
-on folutions of platina, 1330 Vo- 
latile alkali deftroyed by manga- 
nefe attracting its phlogiiton, 13^4 
See Alkalies Wiegleb's account 
of the phenomena attending the 
diffoiution of copper in it, 1035 
Its effects on dephlogifticated fpirit 
of fait, 1485 Higgins firft difco- 
vered its conftituent parts, 1553 
Procured it from nitrous acid and 
tin, ib Effect of the electric fpark 
• on a mixture of it and dcphlogifti- 
cated air, 1555 True composi- 
tion of it, 1556. 
Alkalies ; one of the general claffes of 
falts, 16^ Divided into fixed and 
volatile, 170 The former lubdi- 
vided into vegetable and n 
ib Difference between their action 
and that of acids, 171 Neutral falts 
form them by being united with 
acids, 172 Vegetable blues chan- 
ged green by them, 173 Different 
degrees of attraction betwixt them 
and acids, 174 Phenomena at- 
tending the precipitation »f me- 
tals by them, 220 Volatile alka- 
lies particularly apt to form triple 
falts, 274 Why they pre. 
the metals, 3^0 Metals have a 
greater affinity with a\ids than al- 
kalies, though the latter feparatc 
them from acids, 299 Why luna 
cornea cannot be reduced without 
lofs by alkaline falts, 3 14 Alka- 
lies phlogifticate concentrated a- 
cids, 409 Proportions of the dif- 
ferent ingredients in volatile alka- 
lies, 436 Stone-ware veffek cor- 
I i 
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rode: fixed alkalies, 595 

596 Advantages of ufing clay ra- 
ther . ies for abforbing 
the fuperfluous acid in aluminous 

ir, 683 Solution of filv 
compofed with difficulty by alka- 
lies, 756 How the alkalies arc 
procured, 10x6 Differences be- 
tween the vegetable and mineral 
alkalies, 1019 Combinations of 
them with fulphur 1021 With 
expreffed oils, 1026 With effen- 
tial oils, 1027 With phlogifton, 
1028 Differences between the 
fixed alkalies obtained from diffe- 
rent vegetables, ib Solution of 
terra ponderofa in marine acid 
precipitated by all the alkalies, 
whether mild or cauftic, IC54 
Alkalies diffolve lead by boiling, 
1216 Effects «f arfenic on alkalies, 
1290 Teft for them and acids, 
1549 See Alkali, Acid, and Acids. 

Alkaline falp o'ee Alkali and Alka- 
lies Alkaline ley improper for 
extracting the flowers of ben* 
zoin, 989. 

Aljlon-Mcor in Cumberland, a kind 
of aerated terra ponderofa found 
near that place, 105 1. 

, deferibed, 579. 

Alum : cannot form Glauber's fait 
by being diffolvcd in water along 
with common fait, 272 Miftake 
of Dr Crcll on this fubject cor- 
rected, ib. Nor blue vitriol by 
boiling it with copper filings, 349 
Why its precipitate retains part of 
che acid, 408 its earth contains 
26 per cent of fixed air, 446 Pro- 
portions of the ingredients in it, 
447 The fait always contains an 
excefs of acid, 448 Proportion of 
the earth of alum taken up by ni- 
trous acid, 449 £y marine acid, 
450 .Alum of the ancients diffe- 
rent from ours, 637 The name 
of ' Roch-alum derived from Rveco, a 
city of Syria, 638 Firft made in 
Europe in the middle of the 15th 
century in Italy, 639 Made in 
Spain in the 16th century, 640 In 
England and Sweden in thei'th, 
ib. Its component parts firft difco- 
vered by Boulduc and Geoffroy, 
641 Found to contain an excel* 
of acid, ib This denied by Mr 
Morveau, 642 Flis miftake dis- 
covered by Mr Kirwan, ib Info- 
luble in water when deprived of 
its fuperfluous acid, 643 Eafily 
calcinable in the fire ;' after which it 
(1 burnt alum, ib Bergman's 
method of finding the proportion 
of the ingredients it contains, 644 
Difficulty of obtaining the earth 
of alum in a pure ftate, 653 Mr 
Bergman's account of the propor- 
tion of the ingredients, 646 Whe- 
ther earth of alum be a pure clay 
or not, 647 Dr Lewis's experi- 
ment, tending to fhow that clay 
undergoes fome 

converted into earth of alum, 649 
Quantities of alum 
warm and in .. •', 6jo 

Bergman's 
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AjS Alum, fulphur, i 

- 

ies hat 

- 

den, 665 

666 

. 

C ,c h rd 

Mc- 

1 Cold 
in dif- 

fiiil to be deftroyed, 67a Of the 
of the lixivium be- 
committed 

- 

1 ought to Ik- evaporated, 

67J Of the fir ft cr 
6-6 Depuration of the eryftals, 
6" 7 Bergman's remarks on the 

-r form of the 

They ought to be of a conical 

, ih Aluminous ley contains 

fo much acid that ir cannot be cry- 

-.'d \\ ithoul rig part 

''.79 Which nay 

be done by the addition ol 

I dkali, or volatile alka- 
li, but not by the mineral 
680 Experiments in proof of tin* 
of acid preventing the cry- 
of alum, 681 Another, 
adding clay 
ruinous ley, 68a Advan- 
of uCng it in preference to 
3 Alum f 
ly contaminated by dep' 
1 Thisd, 
d by the addition of pure 

droved by clav, 686 How 
the phlogifton of vitriol 1 

m fait fup- 

! to be producible from the 

her liquor of alum, 688 Su- 

F this liquor might 

Gy diftillcd, 689 

jin, 938 How to make 
cubical c: 
jfLm f.Jti 

■ hen &ril fct up in Italy, 



', and 
Alumimu 

. lifficulty 

- 
1 
cury, 115a Dr J 

lercury 

%\ 1 1 h 

:t's ex- 
uirea a 
r quantity of water for its fo- 
, ib Rendered fon 
by cryftaltization, ib Part- 
ly d ,on, ib 
:utral fal.nc liquor with 
\c\\ does not cry- 
fulli^e, ib Forms an oily fluid 
with volatile alkali, ib Extri- 
nmoniac and 
nitre, 910 Purified by marine a- 
cid, 911 Does not contain any 
mineral acid, ib Converted al- 
ly into a liquid by di- 
ft illation with Ipirit of nitre, 912 
in a folid form by 
diftilling with oil of vitriol, 913 
1 quicklime, 
. refenibBrig tlu fame, in ve- 
lds, 914 Its effects on 
by di- 
dillati and oil, 
, rodufi 
b y «. c 

in the diftillatibn, ib 
of fe; 
yield 

quantities of amber diftill 
Pruffia, 144,- Diftillcd 
out any addition, ib The fait pu- 
by being kept on bibulous 
paper t<» abforb the oil, ib Cry- 
refemhliug it formed by the 
union of marine acid with 
ftic matters, 1481 Aletl. 
purifying its fait, 1 494 An acid 
of another kind paffes over in di- 
ftilling this fubftaace, 1493 Com- 
bination of the fait with alkalies, 
sis, ib Air Kcir's 
remarks on the nature of fait of 
amber, 1495. 

1 product on di- 
ftillaticn fimikar to that of am- 
ber, 1446. 

.■ method of making nitre 
there, ya6, 

. .i:riolic, decompofed by 
folution of filver, 306 How to 
prepare this kind of fal ammo- 
niac, 633 Erroneoufly faid to 
have powerful cffecTts on the diffo- 
lution of D Mr Pott's 

experiments on it, ib Nitrous am- 
moniac, how prepared, 745 Is fo- 
luble in fpirit of wine, ib Defla- 
grates without any addition, ib 
The principal ingredient in ' 
white drop, 746 Common fol 
ammoniac prepared from marine 
acid and volatile alkali, 795 D2f- 
folves refills according to A 
lert, ib Its volatility diminifhed 
by repeated fublimations, ib A 
fmall quantity producible 
ftUlicg fca-falt with charcoal, i«. 



ih Originally prepared 

1 of making 
ammo- 
niac c 

1 
procured in a dry ftatc, ib 

amon 1 il ammoniac 1 
ted by acid of amber, 910 And 
by thi : Vola- 

tile fal ammoniac, how pi 
1033 Common fal ammoii 

I by n gulus of cobalt, 
it ou nickel, 
1312 Solution of it precipitate* 
a folution of plarina, 
precipitate fufible by a ftroi 

I 'i'hii iufioii f' 
by Macqucr not to be j 
1354 Effects of manganefe on 
it, 1392. 

i med by the union 
of the colouring matter of Prufliun 
alki tile aikali, 1 186. 

infoluble in 
ilc in tlu fire, 515 
ft parts more fo- 
than that of the li 

•fed to 
contain phofphoric acid, ib Ani- 
mal fats analyfed, 1428 Yield 
a great quantity of oil by dift illa- 
tion, ib A particular kind of a- 
cid produced from tallow, 1 429 
How to rectify the empyreumatic 
oil of animals, 1427 Of animal 
vegetable fubftances, 14.51. 
.-.'nomai '., j 13 Am i 

table acids, how divided, 993. 
; why nitroU I acid j;i t cij>i- 
a folution of it, 200 Preci- 
pitates of it by common and phlo- 
gifticated alkalies, 246 Of its pre- 
cipitates -with other metals, 365 
A triple fait formed by regulue of 
antimony, marine acid, and iron, 
366 Ano! her with the regulus, 
marine acid, and Copper, 367 Of 
the folution of the regulus in vi- 
triolic acid, 499 Of its combina- 
tion with that acid, 709 Corrod- 
ed by the nitrous acid, 768 Re- 
gulus of antimony combined with 
marine acid, 821 Of the amal- 
gamation of it with mercury, 1 23 7 
Renders bifmutb capable of unit- 
ing with the cobalt, 1 25 1 The re- 
gulus particularly treated of, 1252 
et fen. Has the appearance of a 
flar on its furface when well made, 

1252 Sublimable into flowers, 

1253 Different methods of pre- 
paring the regulus, 1254. Confi- 
dersble differences in the regulus, 
according to the different fubftan- 
ces ufed to abforb the fulphur, 
1255 Of the regulus made with 
cawk, 1256 The femimetal ea- 
fily mifcible with mercury, 1255 
Enters into the compofition of 
fpeculums and printing types, 1256 
Was the bafis of many medicinal 
preparations, now difufed on ac- 
count of their uncertain operation, 
ib Glafs of antimony, how pre- 

• ', 1257 More violent in its 
u tke regulus itfclf, ib 



Index. 

' paration nf emetic tartar from 
ilga* 

roth, J 2 s H ./ 

on of go] 

met 
mil Di iphoretic anti- 

mony, U64 Crocus nvtallo- 
ruin, 1265 Butter of, Mr Dol- 
'■ method of preparing it, 82 r. 
..-. . .- their sbfura way of 
explaining the ezplofion of fulmi- 
nating filver, II44. 

Ants yield an acid by diftilhtion or 
infufion in water, 2d 907 Its na- 
ture and properties 908. 

Ants, acid of, oompofes an ammo- 
niacal liquor with volatile alkali 
which cannot : to a dry 

fait, 908 Cryftallizes with fixed 
alkalies, ib And with coral chalk 
or quicklime, ib Diflolves cal- 
cined copper, and forms beautiful 
eryftals with it, ib Mal.es a pe- 
culiar kind of faecharum faturni 
With milium, ib It effects on 
otlur metals, ib Different ts 
thods ol procuring their acid, 
150a Properi i > ure acid, 

I Has an affinity with the 

ions, 1504 Its effects on me- 

1505. 
, their acid treated of, 1506 
lis propel ties, I509, 15 1 1 How 
procured in perfect purity, 1510 
Produced from fugar by means of 
nitrous acid, 1.5 12 Mr Keir's opi- 
nion concerning its nature, I514. 

Aquafortis, procured by means of ar- 
fenic of a blue colour, 739. 

Aqua-regiu, bell kind of it for diffol- 
ving gold, 481 Quantity of gold 
taken up Ly it, 482 How pre- 
pared from nitrous aeid and com- 
mon fait, 788 Of the folution of 
gold in aqua regia, 1095 Solu- 
tion of platina in an aqua-regia 
pofed of nitrous and marine a- 
cids, 1323 In one made with 
marine acid and nitre, I324 Va- 
rious methods of preparing it, 

1488 Differences between the li- 
quors prepared by thefe methods, 

1489 How to deprive it of its 
volatility, 1548. 

Aauila alba, a name for mercurius duU 
cis, 814. 

Arabians, the firft broachers of alche- 
my, 10. 

Arbtr Diana, how made, 754. 

Ardent fjjirits, diffolved camphor in 
great quantity, 1425. 

Argand's lamps, ufed for lamp-furna- 
ces 611 Doubtful whether they 
be preferable for this purpofe to 
Lewis's or not, ib. 

Argentine floivers , formed of regulus 
of antimony, 1253. 

Argillaceous ea,th, in what it differs 
from the calcareous, 512 Tobac- 
co-pipe clay the purcft earth of 
this kind, ib. Abforb colours, ib. 
Refift the utmoft violence of fire 
by themfeives, but melt by a mix- 
ture with chalk, ib. Combina- 
tion of the argillaceous earth with 
vicriolic acid, 637, &c. Sec Ahum. 
Argonauts > 



Index. 

Argonauts, origin of the fable of 

them, 9. 
Arfenic : Of its diffolution and preci- 
pitation, 243, 368 Calculation of 
the quantity of phlogifton contain- 
ed in regulus of arfenic, 318 Pre- 
cipitated by bifmuth from the ni- 
trous acid, 369 And by copper 
from the marine, 370 Quantity 
of vitriolic acid taken up by regu- 
lus of arfenic, 302 Of nitrous 
acid, 503 Of marine acid, 504 
Compound of a particular kind 
of acid and phlogifton, 548 U- 
nitcs with fulphur, ib. Is foluble 
in water, ib. Expels the acid of 
nitre, ib. Reafon of this decom- 
pofition, ib. Phenomena on dif- 
tillation with the vitriolic acid, 
711 Dephlogifticated by the ni- 
trous acid, 770 Of the adultera- 
tion of corrofive fublimate by ar- 
fenic, 818 Oil and butter of ar- 
fenic, 823 Formed by fubliming 
arfenic with corrofive fublimate, 
ib. Of the arfenical acid, 916, <tf 
feq. See Arfenic, acid of. A fingle 
grain of regulus of arfenic deftroys 
the malleability of an ounce of 
gold, 1095 Has a great affinity 
with tin, 12 19 Methods of fe- 
parating arfenic from tin, 1220 
The crackling noifc of tin in 
bending fappofed to arife from ar- 
fenic, 1 221 Arfenic found in 
fome places of Germany in a me- 
tallic form, 1266 The regulus 
cafily convertible into common 
white arfenic by diffipating part of 
its phlogifton, 1267 Why the ar- 
fenical calx may be mixed with 
other metals which will unite with 
it in its reguiine (late, 3268 Of 
the. folution of the calx in water, 
1269 In fpirit of wine, 1270 
Forms a very infoluble and fixed 
fait with vitriolic acid, 1271 Dif- 
folves in large quantity in the ma- 
rine acid and forms a more vola- 
tile fait with it, though difficultly 
foluble in water, 1272 Refem- 
blance of this folution to butter of 
arfenic, ib. Phlogifticated alkali 
precipitates arfenic from marine a- 
fid, and from that only, 1273 Ar- 
fenic decompofed by dephlogifti- 
cated marine acid 1274 Pheno- 
mena exhibited by it with other 
acids, 1275 Liver of arfenic 
formed by combining it with fix- 
ed alkali, 1276 Arfenic unites 
with fome metals, and cryftallizes 
with iron and zinc, 1277 Unites 
readily with fulphur, 1278. Com- 
pounds thence refulting, ib. 1279 
Phenomena exhibited by minera- 
lized arfenic with nitre, 1280 
Gutter of arfenic, 128 1 This fub- 
ftance can fcarce be made to unite 
with marine acid, 1282 Of the 
oil of arfenic, 1283 Of the mine- 
ralization of arfenic by fulphur, 
1284 How to prepare pure regu- 
lus of arfenic, 1285 A native re- 
gulus called mifrhiel, 1 286 This 
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contains a large quantity of iron, 
which will not obey the mag- 
net till the regulus is dilTipated, ib. 
Great volatility of the reguiine ar- 
fenic, 1287 It deftroys the mal- 
leability of the metals with which 
it unites, 1288 May be expelled by 
heat from of all them except pla- 
tina, 1289 Volatilizes all of them 
except platina, ib. Effects of arfenic 
upon alkaline falts and nitre, 1290 
Decompofes corrofive fublimate 

1291 The regulus converted in- 
to white arfenic by vitriolic acid, 

1292 Effects of it on metallic fo- 
lur.ions, 1293 Platina may be 
melted by means of arfenic, 1349 
Effects of it on manganefe in con- 
junction with nitre, 1391 Phe- 
nomena on diftillation with man- 
ganefe, 1395. 

Arfenic, acid of, firft difcovered by 
Mr Scheele, 916 Two methods 
of procuring it, 917 By means 
of nitrous acid, 918 By dephlo- 
gifticated fpirit of fait, 919 This 
acid equally poifonous witli the 
white calx, 920 Eafily refumes 
its phlogifton, 921 Takes fire 
and fublimes inftantaneoufly into 
regulus with charcoal, 922 Be- 
comes black and thick with oil of 
turpentine, 923 With fulphur, 
924 Cryftallizes into a neutral 
fait with vegetable alkali, 925 
This fait decompofed and forms a 
regulus with charcoal, 926 Forms 
a cryftallizable fait when perfectly 
faturated with mineral alkali, but 
requires an excefs of acid to make 
it cryftallize with the vegetable al- 
kali, 927 Forms likewife a cry- 
ftallizable fait with the volatile 
alkali, 928 Expels the vitriolic 
acid from vitriolated tart r and 
Glauber's fait, 929 And likewife 
thofe of nitre and common fait, 
930, 931 Phenomena on 'liftilling 
it with fal-ammoniac, 932 De- 
compofes fpathum pondcrofum and 
gypfum : but cannct expel the fluor 
acid, 933, 934 Precipitates lime- 
water, 935 Forms a cryftalline 
fait with chalk, 936 But refufes 
to cryftallize with magnefia, 937 
Or with earth of alum, 938 Does 
not diffolve white clay, 939 Dif- 
folves terra ponderofa, 940 Has 
no effect on gold or platina, 941, 
942 Diffolves filver in the dry 
way by a violent heat, 943 Fixes 
quickfilver, 944 Produces cor- 
rofive fublimate by diftillation 
with mercurius dulcis, 945 No 
butter of arfenic obtained by this 
procefs, 946 Diffolves copper, 947 
Forms a very thick gelatinous fo- 
lution of iron, 948 Diffolves lead 
in the dry way, 949. And likewife 
tin, 950 Diffolves zinc with effer- 
vefcencc, 941 But cannot diffolve 
bifmuth, 952 Nor regulus of an- 
timony, 953 Diffolves cobalt par- 
tially, 954 But not nickel, 955 
Diffolves a fmall quantity of uian- 



ganefe, 956 Converts regulus of 
arfenic into the white arfenical 
calx, 957 Strange phenomena 
from it and the acetous acid, 
2d 957, 15 2 1 M. Pelletier's me- 
thod of procuring the acid cf arfe- 
nic, 1496 Differences concern- 
ing the weight of the acid fo pro- 
cured, ib. 

Afies of different vegetables, Dr 
Gmelin's account of their colours, 
&c. 1089. 

Attraction ; Fire detained in bodies 
partly by it, and partly by the 
preffure of the furrounding fluid, 
55 Of chemical attraction, 162 
T.V5 kind of attraction not e- 
qually ftrong between all bodies, 
ib Different degrees of it betwixt 
the different acids and alkalies, 
174 Attraction of phlogifton fup- 
pofed to be the caufe of caufticity, 
2/9 Kirwan's definition of che- 
mical attraction, 260 Difference 
betwixt it and cohefion, 261 
Geoffroy's rule for determining 
the degrees of chemical attraction, 
262 True method of afcertrining 
the quantity of attraction each of 
the acids has for the different ba- 
fes, 265 This quantity expreffed 
by that of the bales taken up by 
the different acids, 269. Attrac- 
tion of metallic calces to phlogi- 
fton determined, 326. 

Attractive powers of different fubftan. 
ces belt expreffed by numbers, 264 
Difficulties in determining the at- 
tractive powers of the different 
acids to metallic fubftances, 296. 

Aurum fulminans, its nature and pro- 
perties, 1 103 Was known in the 
15th century, 1104 The firft di- 
rections for its preparation given 
by Bafil Valentine, 1 105 The 
ufe of volatile alkali for this pur- 
pofe but lately known, 1106 Dif- 
ferent accounts of the increafe of 
weight in the metal by being con- 
verted into aurum fulminans, 1107 
Explodes with incredible force, 
1 108 Twenty grains of it more 
than equivalent to half a pound of 
gun-po\vder ; ib. Does not explode 
in clofe veffels, 1109 The utmoft 
caution neceffary in managing it 
in the open air, ib, Dr Lewis's ac- 
count of the heat neceffary to 
make it explode, 11 10 Explodes 
by friction fcarce fufficient to occa- 
fion any heat, nil Terrible 
aacidents occaiioned by it, 1112 
The force of the explofion direct- 
ed equally everyway, 1113 Parti- 
culars relating to the explofion, ib. 
Will not explode when moift, 

' 1114 Quantity of elaftic vapour 
produced during the explofion, ib. 
Caufe of the explofion attributed 
to a faline principle, 1115 This 
opinion fhown to be erroneous by 
Mr Liergraan, 11 16 Why the ful- 
minating property is deftroyed by 
trituration with fixed alkali, ib. 
The explofion rendered more vio- 
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lent by boiling with fixed alkali, 
ib. Why the fulminating proper- 
ty is deftroyed by boiling with too 
ftrong a folution of alkali, or with 
concentrated vitriolic acid, ib. 
Neither the prefence of nitrous 
or marine acids neceffary for the 
production of fulminating gold, 
1 117 The explofion is not occafion- 
ed by fixed air, IIl8 How the ful- 
minating calx may be prepared, 1 1 19 
The calx moft readily throw n 
down by volatile alkali, ib. A ful- 
minating- calx produced from folu- 
tion of gold in dtphlogiiticated 
fpirit of fait, ib. Mr Bergman's 
theory of the caufe of the explo- 
fion, 1 1 20 Volatile alkali the 
true caufe of it II2I Great 
quantity of elaftic fluid generated 
by the explofion of aurum fulmi- 
nans, 1 1 23 Why a flight calcina- 
tion deftroys the fulminating pro- 
perty, 1 1 24 Why the calx will 
not explode in clofe veffels, 1 T25. 

Aurum Mofaicum, or Mufvuum, how 
prepared, 1224. 

Bacon (Lord), his opinion of heat 
28, 29. See Vcrulam. 

Baldwin 1 phofphorus prepared from 
folution of calcareous earth in fpi- - 
rit of nitre, 749. 

Balneum arena, or /and bath, defcri- 

. bed, 578. 

Balfmams of fulphur, hew prepared 
I401 Vegetable baifams whence 
procured, 1432 May be confider- 
ed as effential oils thickened by the 
diffipation of fome of their more 
volatile parts, ib. Analyfis of them 
exemplified in turpentine, 1437. 

BarofelenHt, a name for the marmor 
metallicum, or combination of 
terra ponderofa with vitriolic a- 
cid, 1050. 

Bafil Valentine, the firft who gave 
directions for the preparation of 
aurum fulminans, II05* 

Beaume's obfervations on gypfum 
636 His account of the forma- 
tion of fedative fait ill-founded 
862. Vitrifies a calx of platina 

I352 , 
Beecaria's obfervatioos on phofpho- 

ri, 1085. 

Bell-Metal, compofed of copper and 
tin, 1155 Its fpecific gravity great- 
er than that of either of the me- 
tals fingly, 1 13 6. 

Bellows, when to be ufed in chemical 
operation*, 608. 

Bells : Reaumur's hint concerning an 
improvement in their fhape, lair. 

Benzoin, yields fragrant acid fait by 
fubiimation, 984 The fame obtain- 
ed by lixiviation, 985 Quantity ob- 
tained by both theft methods, 986 
Mr Scheele's experiments in order 
to procure all the flowers benzoin 
is capable of yielding, 987, &c. 
Boiling with chalk infufricient, 
988 Or with alkaline ley, 989 
Boiling with lime the belt method, 
990 Scheele's receipt for for prepa- 
ring the flowers of benzoin by this 

BWfcfldi 
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ted during this operation, ib. This 
denied by Dr Black, ib. Simple 
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oil by burning, ib l 
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cisl, I it I fluid b] 

ficatii to the air, ib. 
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Hon of water, ib. 
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mthod of preparing it, 



purification, ib. Its purification from re 



cording to others, 1490 Ha 
tinous quality, by which it ; 
glofa to lilk,ib. Its properties with' 
..lid various falts, 865. 



t d, ib. Di 1 cwis's Borax, ilc'iA of, found in a kind of mi- 

neral in Germany, 858 Procured 
from the fait either by futflimation 

or cryftallization, 8.58 Is G 

the fire, and melts into a kind of 
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Beaume's opinion that it is prorlu- 

y rancid oils mri 
ib. Of its combination wil 

with vegetable alkali, ib. And 
borax wth I alkali, 863 

Its efl 

mc's observations on the method 
paring the fedative fait from 
it, 1491 Properties of the 
1 4.; 2 Its combinations with vo- 
latile alkali, earths, and metal 
Experiments with a vi< 
mine the nature of the agid, 1403. 
His ... fit, M. with Geoffrey, difco- 

nitre, 724 His conch ions . n- vers the component parts of aium, 

ure of that fait, 641. 
73a lis method of making ni- BouHangcrs opinion that the fluor 
trous ether, 775 Shows a me- acid it no other than the mar.ne 
thod of making it without any combined with an earthy fub- 
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Mr Cadet's experiments, 862 M. v Utiona 
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cd, 747 1 .us 

acid by frequent 
Arc convertible by it into . 
of phofphorus, 740 Torn, 
wife, a phofphorus with the marine 
acid, 707 The n the 

folution of filver, 7 ( 
ftringent e< ■■■. ith the ece- 

acid, 871 Decompose cream 
of tartar, 887 Have a great at- 
traction for faccharine acid, 900 
Compofe fluor fpar by being com- 
bined with its acid, 831 And 
tnngften with the acid extraded 
frem it, 971. 
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. :ry, 17 His opinion con- 
cerning the number and nature of 
Otis, 24 Attempts to 
prove that fire is not an element, 
ib. That the fclid fubftaace of bo- 
. ted into air, ib. That 
is converted into earth, ib. 
His arguments in con Tu live, ib. 
His account of the production of 
JO Determ.nes the boiling 
point of water in vacuo, 122 His 
ihowing the deftructi- 
t gold, icy8 Curious kinds 
rury prepared by him, 1227. 
copper 
• 4 May be re- 
by a long 
flipa- 
, ib. 
I latina a proper matc- 



the exiftence of phlogifton from 
the reduction of thofe of the per- 
fect metals without addition, 140 
Reduction of metallic calces by in- 
fli.n n.ablc air, 149 Different co- 
lours exhibited by them, iyi 
Thofe of fome metals, when pie- 
par- d by nitrous acid, almoft to- 
tally inloiuble ever aft 1 
Why little or no elaftic fluid is 
produced from them, 213 Oi their 
attraction to phlogifton, 326 How 
to find the fpecific gravity of the 
different metallic calces, 327 
Whence their various degi 
affinity to phlogifton may be de- 
termined, 328 Calces of copper 

tate dcphlo iilieated folu- 
tions of iron, 343 Solutions of the 
dcphlogifticatcd calces of iron re- 

to cryftallizu, 457 Calces 
of iron precipitated of a reddifh co- 
lour from fpirit of fait, 463 Cal- 
ce; of gold Soluble in the vitriolic 
and 



Index. 

and nitrous acids, 483 Rcafon of 
the increafe of weight in metalline 
calces, 5-24 Bergman's opinion 
concerning the fulmination of me- 
tallic calces, 1126 Erroneous, ib. 
Effects of the colouring matter of 
Pruffian blue on metallic calces, 
119a. 

Calcination: quantity of phlogifton 
loft by metals during that opera- 
tion, 332 Of the affinity of their 
cakes to the deficient part, 332 
Calcination of metals by fire de- 
fcribed, 522 Of their calcination 
and increafe of weight by acids, 
523 Re Ton of this increafe, 524 
Solubility of metals increafed by 
calcination, 545 How to perform 
the operation of calcination, 583 
Why a flight calcination deftroys 
the explofive property of aurum 
fulminans, 1124 Effects of vio- 
lent calcination on nickel, 1307. 

Calcine<l ;/:,:tals. See Calcination, Cal- 
ces, Calx, and Metal. 

Qalculus, human ; Scheele's experi- 
ments on it, 1455 His conclu- 
fions concerning its compofition, 
14.56 Is found univerfally in u- 
rine. 1473 Bergman's experi- 
ments on it, 1460. Calcareous 
earth contained in it feparated by 
means of the vitriolic acid, 1462 
Red colour of the folution in ni- 
trous acid accounted for, 1462 
Mr 'Higgin's experiments, .460 
His account of its component parts, 
I465, 1468 Experiments on the 
fublimatc arifirig from it on diftil- 
lation, 1465 Experiments with 
nitrons acid, 1466 Cryftalliza- 
tion of the nitrous folution by ex- 
pofure to the fun. 1467 Remarks 
on the remedies proper for diffol- 
ving the ftone, 1469 Sublimate 
of calculus met with in confump- 
tive and gouty perfons, 1470 Dif- 
folution ought not to be attempted 
when the ftone is large, ib. 

Calculus : of the acid obtained from it, 
982 All the calculi produced in 
the human body of the fame na- 
ture, ib Diffolved by concentra- 
ted vitriolic, and by the nitrous 
acid, but not by the marine acid, 
ib The acid of calculus produces 
dorp red fpots on the fkin, 983 
Affumes a blood red colour by eva- 
poration, ib. 

Ca'o/vel, a name given to mercurius 
dulcis feveral times fublimed, 814 
Repeated fublim;.tion no improve- 
ment on the medicine, ib 

Czlx of the diffolved metal, with va- 
rious degrees of phlogifton, con- 
tained in metalline folutions, 214 
Reafons for believing that metals 
are reduced to a calx by folution, 
215 Increafe of attraction be- 
twixt the calx of iron and phlogi- 
fton demonftrated, 342 Calx of 
iron foluble in lixivium faoguinis, 
j i 75 But not when highly de- 
phlog'rfticated, 1176 

Camphor, a.vohtilc fubftance belong- 
ing; to the clafs of efTc-nisl oils, 
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I422 Converted into a true effen- 
tial oil by repeatedly diftilling it 
with bole, 1423. Intoan acidialt by 
diftilling it feveral times with de- 
phlogifticated fpirit of nitre, 1424 
Effects of this fait on alkalies and 
metals, ib How Jiftinguifhed from 
acid of fugar, ib Account of the 
method of extracting it from the 
trees which produce it, its lues, 
&c. ib. 

Canton & phofphorus, how prepared, 
1414 Becomes luminous by ex- 
pofure to the fun, or the light of 
an electrical flafli, ib. 

Capacities of bodies for containing 
heat : that phrafe explained, 52 
How they are to be diftinguifhed 
from the temperature and abfolute 
heat of bodies, 5$ The capacity 
of a body for containing heat the 
fame with the action of heat on 
the body, III Nicholfon's account 
of the capacities of bodies for con- 
taining heat, 113. 

Cajl-iron fcarcely decompofes the fo- 
lution of copper, 345. 

Cavallo's method of purifying ether, 
2d 722 Shows that pyrophorus 
is not injured by expofure to light, 
1418. 

Cavendijh, fuppofes heat not to be a 
diftinct fubftance, 69 His calcu- 
lation of the quautity of fixed air 
contained in impure vegetable fix- 
ed alkalies, 417 Shows that ni- 
trous acid may be artificially pro- 
duced 'from a mixture of dephlo- 
gifticatcd and phlogifticatcd air, 
2d 722 His opinion concerning 
the nitrous acid, 1474. 

Caujlic alkali, how prepared by Mr 
Bergman for his experiments on 
the precipitation of metals, 232 
Platina imperfectly precipitated by 
cauftic alkali, 234 Throws down 
a brown precipitate from folution 
of filver, 235 Corrodes ftone- 
ware, 595 [596] Is belt refilled 
by filver, ib How to prepare lu- 
nar cauftic, 752 Spirit of wine 
converted into vinegar and water 
by repeated diftillations with cau- 
ftic alkali, 1015 The common 
fixed alkalies compofed of a cauftic 
fait and fixed air, IC20 Throws 
down an infoluble precipitate, from 
folution of terra ponderofa, 1056. 

Cauflicily fuppofed to be occafioncd 
by the attraction of phlogifton 
from the fubftance acted upon, 219. 

Caiok, a kind of fpar, the fame with 
fpathum pohderofum, forms a re- 
guluj of antimony inftantaneoufly, 
1256 Dr Withering's defcription 
of a fubftance of this kind found in 
Derbyfliire, 1068. 
Cerufs, or White-lead, how prepared, 
875 Obfervations on the procefs 
for preparing it, 876 Its poifcn- 
ous qualities, ib. 

; iirft diffolved, and the folu- 
tion afterwards coagulated, by acid 
of arfer.ic, 936 Flowers of ben- 
zoin imperfectly extracted by boil- 
ing with chalk, 908. 



ated tartar, made by boiling 
cream of tartar with iron, 8 »j . 

■rs, chemical, explained, 551 
Some curioufly mark' d on the in- 
iide of a phial by means oi tJ 
of the fun, 756. 

Charcoal proved to be the fame with 
phlogifton, 145 Decifive proofs 
of their identity from Ur Priefl- 
ley's experiments, 146 Spirit of 
wine convertible into charcoid, 14; 
Charcoal entirely difiipated into 
inflammable air by the heat of a 
burning lens in -vacuo, 148 De- 
phlogifticated air converted into 
aerial acid by its union with char- 
coal, 151 Sulphur produced by 
diftilling concentrated vitriolic a- 
cid with charcoal, 715 Or by 
calcining vitriolated tartar with 
the fame, 716 Arfenical acid 
takes fire and fublimes into regulus 
with it, 922 Neutial arfenical 
fait decompofed by it, 926 Char- 
coal diffolved by liver of fulphur, 
1025 Phenomena on diftillation 
with mang3nefe, 1388 Moft in- 
flammable matters reduced to char- 
coal, 1450 Difference between 
the coals of different fubftances, ib 
Some c >als, particularly thofe of 
animal fubftances, can force be 
reduced to afhes, ib Cullock's 
blood affords a coal of this kind, 
ib Concrete oily fu'jftances, or 
foot, burn with equal difficulty, 
ib Some of thefe coals almoft re- 
fill: the action of nitre, ib This 
fubftance perfectly refractory, 145 1 
How let on fire by the nitrous acid, 
1476. 

Chemical attraclion particularly treated 
of, 162, ctfeq. See AllraSlion. Berg- 
man's account of the caufe of che- 
mical folution, 193 Kirwan's 
definition of chemical attraction, 
260 Difference betwixt it and 
cohefion, 261 Geoffroy's rule for 
determining the degrees of che- 
mical attraction, 262 Chemical 
decompofitions apparently fingle 
are often double. 263 Invention 
of chemical marks and characters, 

551 New chemical language in- 
vented by the French chemifts, 

552 Its ridiculous appearance in 
an attempt to explain the fulmina- 
tion of the calx of filver, II44 Of 
tables of chemical affinities or at- 
tractions, 552, Dr Black's gene- 
ral table of attractions, ib His 
obfervations on chemical veffels, 
557 Good and bad qualities of 
glafs as a material for thefe vef- 
fels, 558 Of metals, 560 Of 
earthen ware, 561 Of Chemical 

furnaces, J 99 See Furnaces. 

.' defcribed, 1 High anti- 
quity of the feience, 2 Suppofed 
to be founded by Siphons, an Egyp- 
tian, 3 Mofes thought to 
been well verfed in chemiftry, 4 
Democritue taught chemiftry by 
the Egyptian priefts, ib. Chemi- 
ftry introduced into medicne after 
hi; time, ib. Some advantages ac- 
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' -y from the It- 
hours of the alcheniifts, 13 Hi- 
llary of chemiftry from th 
cf Paracelfus, 15 The feience 
ftudied by Ford Verulam, 16 
Improved by Mr Soy'.c, 17 Ch J - 
miftry emerges from its obfeurity, 
18 Receives confiderable advan- 
tages from the founding of the 
Royal Society, and others of that 
kind, 19 Gr^at improvements 
made by chemifts, of various na- 
tions, 20 Perfect theory of ehe- 
mifiry defined, 21 Objei 
chemiftry how dil from 

the agents, 22 Claffification of 
the objects, 163 How far water 
is an ohjeel of chemiftry; 549 Of 
the different o. cwations in cl 
ft'ry, 554, ctfeq. 

, improvements by thofe of 
different nations, 18, 1 ), 20 
divided, 555 

ibed, 1433. 
the diftillation of it from 
anefe, I3;6 See Verm 
Clay : whether the earth x of alum is 
to be confidered as a pure clay or 
not, 647 Margraaf demonllrates 
a i clay to be compounded of earth 
of alum and fome other principle 
mechanically mixed, 648 Expe- 
riment of Dr Lewis, which fecms 
to fliow that clay undergoes a 
change by being converted into 
earth of alum, 649 Berg 
experiment to determine the utili- 
ty of adding clay to the ley of alum 
in order to abforb the fuperfiuous 
acid, 682 Advantages of uf:ng 
clay rather than alkalies, 683 De- 
phlogifticated vitnol decompofed 
by clay, 684 But not the per- 
fect kind, 68(5 Clay ufed in the 
purification of wines, 886 And 
in that of tartar, ib Combina- 
tion of arfenical acid with clay, 
939 Colouring matter of Pruf- 
fian blue cannot diffolve clay, 
1189 Method of diftilling fpirit 
of fait by means of it, 1480. 
Geghorn, Dr; : great difference be- 
twixt his calculations and thofe of 
Dr Crawford, 48 His opinion 
concerning the ufe of thermome- 
ters, 72 His hypothtfis concern- 
ing fire, 74 His proof that fire 
is an elementary fluid, 82. 
Cloth-printing: iron liquor, how pre- 
pared for that purpofe, 
Clyjfus of iiiirc, a liquor prepared by 
■ n*re and charcoal, 

Coating of ' ghjir: lute proper for that 
purpofe-, 580. 

Cobalt : of its diffolution in acids, and 
precipitation from them, 244 Is 
not c( of iron, zcfc 

rs precipitated by iron, 362 Some 
- >us matter precipitated 
from it by nickel, 363 Solutions 
of cobalt let fall a white powder 
on the addition of hifmuth or cop- 
per, 364 Of its folution i:i vitri- 
olic acid, 496, 710 In nitrous a- 
cid, 497 Iw marine acid, 498 
Forma 
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ne green vitriol to the 
1174 Cab of iron lb- 
luble in the lixivium, 11 73 Hut 
uot when highly dephlogifticated, 
1 1 76 The colouring matter ta- 
p by the air after i: has betii 
expelled by acids, 1 177 Lffefts 
« iftUhng the lixivium wi'h vi- 
.!, 1 1 78 Attempts to 
ure the colouring matter by 
> Neutral fait formed 
ifcovflriag iron in mine- 
ral waters, 1180 Effect* of di- 
Aith oil of vitriol, 
~ The colouring natter u- 
with volatile alkali, 1182 
How to free it perfectly from any 
% • 118;, To prevent 

its drape thioogh the lute during 
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flammable nature, 1195 Soppo- 
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tartar, and 
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ited fpirit -oi fait, 

1484. 

beat of bodies defined, 
40. 

artifici il, of Cramer ior ma- 
king nitre, 7 28. 

..L of two mctak fometimea 
heavier than cither of the ingre- 
dients, 1 156 More fulibk than 
either of them flngly, 342 
fulibihty of thofe of tin and bif- 
muth, 543 Fufibility of thefe 
augmented by the addition of lead, 
ib. One fufible in the heat of 
boiling water, 544 Platina unites 
readily with compound metal*, 

1343- 

ated acLL phlogifticated by 
alkalies, 409 Concentrated ni- 
trous acid diffolves lefs metal than 
when diluted, 489 How to ob- 
tain a very concentrated acetous 
acid, 881 Violent action of the 
concentrated nitrous acid upon 
molybdjcna, 960 Murmur me- 
tallicum folublc in concentrated 
vitriolic acid, IC63 Precipitated 
from it unchanged by vegetable 
fixed alkali, 1064 Why the 
concentrated vitriolic acid dif- 
fohcsni-nganefe without addition, 
1.578. 

CcnJctfjtion of vapour produces a 
great quantity 01 heat, 43, 123 
Dr Black's method of calculating 
it, 44. 

ConveuteJ '.later, the difficulty with 
which it melts, a mean of pre- 
venting inundations in countries 
where fuow and ice abounds, 



er, 341 l)e| hlogiiticatrd 

iolutions cf iron d by 

dices tf copper, 343 Depl 
ron which 
. ly de- 

iron, 345 Why 
i] itate 
filver, 34'> 1 r>.c pitationsof mer- 
cury by it, ns of 
1 i, 360 I oppcr 
■ down a white powder fxi m 
cobalt, 364 Forms a 
triple fait with regulua of bi 
ny and marine acid, 367 Preci- 
1 1 regulus of arfenic from the 



lition by oil of 
vitriol 3IJ M.iy b.- deeorapofed 
by lilvcr in the dry, hut not in the 
mcill way, 3.? 6 Of its prepara- 
tion from quickfilver, 814, 

[uality according 
to the different method* by which 
it is ] Eon of 

rice*, i!> Metbi 

Ob- 
hods, 
I I- Of its adulteration with ar- 
fenic, 818 Yields no butter of 
arfenic by fnblimatioa with that 
fubftance, 945, 946 Its ufe in the 
prepartion of hotter of antimony, 
821 Of its fublimation with 
manganefe, 1 



acid, 3;o Proportion ol Cramer'i artificial eon. poll for ma- 
il diffolved by the vitriolic aciil, king nitre, 72H. 

d vitriol .', Dr, lis explanation of Ir- 

1 theory oi heat, 36 Dif- 



464 Inflammabl 

reduced from its folution in 
this acid, 463 Quantity of the 
metal d liulvcd by nitrous acid, 
468 Li; marine acid, 469 Forms 

vitriol with the vitriolic acid, 
693 O! its folution in uifroua a- 
cid, 757 In the marine acid, 804 
Forms a beautiful green fait with 
id, 872 And with 
cream of turt.ir, 894 Combina- 

->ith it, 947 
Formi a mod beautiful blue fait 
with caufbic volatile alkali, 1035 
Docs not greatly diniinifh the duc- 



e.itly in his calculations from 
Dr Cleghorn, 48 I lis accounts of 
feufible heat, 49 Diffcis from 
Dr lileck, 31 His opinion con« 

g hc;it in the abftra<5t, 34, 
His definition of lire, 59 Hit 

d of determining the pro- 
portional quantities of heat in 
bod-. s, 77 Infufficieacy of his 
1 Iii* folution of a 
difficulty concerning the feeming 
difappearance of he..t, 86 Infuf- 
bxieut, 91. 



tility of gold though prcvioully Cream 6/ tartar, how prepared, 886 

alloyed with tin, 1094 Its nature Analyfed by Mr Scheele, 887 

particularly confidered, 1146 Al- Regenerated, 89c. 

w.iys loftcr than iron, 1147 Will Crell, Dr, a miftake of his concern- 



Dot Urike lire with flint; and there- 
fore of ufe to make hoops, &c for 
gunpowder .afks, ib. Us dudility, 
tenacity, and fpecific gravity, ib. 
Explode* violently by the contact 
of m.nflure wiien in fufioti, 1 148 
How granulated, ib» How calci- 
ned, 1 149 The calx exceedingly 



ing the production of Glauber'* 
fait lioni alum and common fait 
corrected, 272 His method of 
cryftallizing the acid of lemons, 
997 His attempts to bring vine- 
gar nearer to the flate of tartar, 
IO04 His proofs that all vege- 
table acids are to be derived from 
one origin, 1006. 

how prepared, 



refradory ib. Soluble by all acid 

and other faline fubftances, and Crtcus metallerum, 

even by water, 1150 More fo- 1265. 

luble in cold liquors than in hot, CronfeUt difcovers the new fenilmetal 

ib. Undergoes fome change by called nickel, 1306. 

combination with vegetable acids, Crucibles : of the moft proper material 

1131 Flow amalgamated with for them, 385 Achard's method 



mercury, 1132 A curious amal- 
gam formed by mercury and ver- 
digris, ib. Dr Lewis's methods 
of amalgamation, 1153 Forms 
brafs, prince's metal, «<.c. by the 
addition of calamine or zinc, 1 134 
Crucibles in which thefc operations 
arc performed tinged of a deep 



of making them from calx of pla- 
tina, 387 Mr Pott's directions 
for making them, 388 Dr Lewis's 
obfer vat ions on their conftruction, 
389 Porcelain probably the fittcfl 
material for veiTels of this kind, 
391 Of Reaumur's porcelain us 
a material for crucibles, 392 



blue colour, ib. Forms bell metal Crujl produced by the fluor acid on 



with a mixture of tin, 1 133 
Lewis's obfervations on the fpeci- 
fic gravity of this and other me- 
tallic compounds, 1136 White 
copper made by fufion with an e- 
qual part of arfenic, 1137 A fine 
gold-coloured metal formed by a 
mixture of copper and platina, 
I34T Phenomena attending the 
diflolution of it in volatile alkali, 

i°35- 
Co/>J>erat. Set Vitiitl. 



the furfuce of water, 828 Found 
to be of the nature of filiccous 
earth, 829 Scheele's experiments 
to determine the nature of this 
earth, 830 The far.ie cruff. pro- 
duced from artificial fluor, 831. 
Scheele's opinion that the earth is 
formed by the union of the acid 
and water, 832 Contcflxd by 
Meffrs Uoullanger, Monnet, &c. 
833 Their opinions fhown to be 
wrontous by Mr Scheele, 834 

We 



Index. 

Weigleb's experiments on the ori- 
gin of it, 839 Found to proceed 
from the corrofion of the glafs- 
diftilling veffel, 840 How to 
procure the acid free from it, 
84a None formed by mixing 
fund with a fait containing fluor 
acid, 844 But a great quantity 
by adding powdered green glaf*, 

CryHalhne powder thrown down from 
Solution of calx of platina by ve- 
getable fixed alkali, 1315. 
Cryflallizatian, in chemiftry : how 
to perform that operation, 573 
Crystallization of alum impeded 
by vitriolic acid, 68 1. 
Cryliuh of one kind of fait, contain 
none of any other, 573 Fulmi- 
nating cryftals, 1142 Cryftals of 
platina decompofed by the mineral, 
but not by the vegetable, fixed al- 
kali, 132a. 
Sullen, Dr, his experiments on the 
production of cold by evaporation, 
124. 
Cupelhtion : why lead is ufeful in that 
operation, 331 Attempts to refine 
platina by cupellatior, 1355. 
Cuprum- ammoniacale, how prepared, 

1034- 
Decompositions, chemical, arc often 
double, though apparently Single, 
■263 Explanation of thole effect- 
ed by acids alone, 266 Decompo- 
sitions of vitriolic falts fuppofed to 
arife from compound forces, 276 
Why decompofitions are fometimes 
incomplete, 405, 406. 
Deflagration, an operation in chemi- 
ftry, how performed, 582. 
Democritus taught chemiftry by the 
Egyptian pritfts, 4 Said to be 
able to imitate the precious {tones, 
particularly the emerald, ib Was 
probably only acquainted with the 
method of making green glafs, ib. 
Denfity of mixtures, its increafe ac- 
counted for, 374 How to deter- 
mine the accrued denfity of fpirit 
of nitre mixed with water, 387. 
Increafe of it in compound fabftan- 
ces, 404. 
Dephlogifticated air converted into ae- 
rial acid by charcoal, 15 1 Ob- 
jection to the exiflence of phlogi- 
ston from the total combuftion of it 
in Some cafes, 152. Little phlogi- 
fton confumed by the comhuition of 
iron in this kind of air, 155 Of the 
dephlogifticated marine acid, 206, 
790, etjl/j. 1484 Dephlogiiticatcd 
green vitriolcannot precipitate folu- 
tion of gold, 226 Quantity of mine- 
ral alkali taken up by dephlogifti- 
cated nitrous acid, 432 Solution 
of dephlogifticated calx o f iron can- 
not be cryftallized, 457 Dephlo- 
gifticated green vitriol decomposed 
by clay, 684 Dephlogifticated air 
a material for the nitrous acid, 2d 
722 How to prepare the dephlo- 
gifticated fpitit of fait, 790, 791 
Can fcarcely be condenfed into a li- 
quid, 79» Its other prop< rtics, ib. 
Acid of arfenic procured by its 
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means, 919, 1274 The only fol- 
vent of plitina, 1319 Dephlogif- 
ticated fpirit of nitre decompofes 
camphor, 1424. 

Dephlogiflicated fpirit of fait : expedi- 
tious method of bleaching linen by 
means of it, 1484 Effect of it on 
phlogiftic matters, 1485 Effervef- 
ces with cauftic volatile alkali, ib. 
Forms marine ether with fpirit of 
wine, i486 Diffolves phoipliorus, 
ib. Method of procuring a detona- 
ting fait in quantity from ir, I487. 

Diabolus metallorum, a name for tin, 
on account of its bad effects on 
other metals, 1222. 

Diaphoretic antimony, how prepared, 
1264. 

Digtfler, Papin's, defciibed, 567 Ef- 
fects of it producible by long boil- 
ing, ib. 

Dig'Jhon, in chemiftry how perform- 
ed, 565. 

Digefive fait : Quantity of ingredients 
in it, 379, 421 Prepared from ve- 
getable alkali and marine acid, 794. 

D'Jfolution of metals : heat produced 
by that operation, 190. 

DiJl'dLition: how that operation was 
originally performed, 6 Mr Watt's 
experiments on the distillation of 
water in -vacuo, 45 Proper me- 
thod of performing the operation 

■ of diftiilation, 574 Phenomena 
on diftiliation of inflammable fub- 
ftances, 517 Boerhaavt's experi- 
ments on the diffolution of mercu- 
ry, 1230. 

Diftilled verdigris, how prepared, 87a. 

Divellent affinities explained, 267. 

Do/fifs, Mr, his method of prepa- 
ring butter of antimony, 821 His 
proeefs for muria f ic ether, 824 
For acetous ether, 884. 

Du Fay fuppofes all calcareous ftones 
to be phofphoric, 1084. 

Dyeing: the vitriol formed by preci- 
pitating copper with iron lefs pro- 
per for this purpofc than that made 
after the common method, 344. 

Earth: water fuppofed to be con- 
vertible into it, 24 Has not the 
character of an element, 25 Solu- 
ble in acids, 176 Why the me- 
tallic earths Seldom decompofe falts 
whofe bafis is a calcareous earth or 
alkaline Salt, 304 Quantity of 
earth in vegetabl alkali, 413 Dif- 
ficulty in obtaining the pure earth 
of alum, 645 Lewis's experiment 
to Show that clay undergoes Some 
change by being converted into 
this earth, 649 Siliceous earth 
found in the refin produced from 
the refiduum of vitriolic ether, 2d 
722 Quantity of filiceous earth 
carried up by fluor acid, 847 
Earth of alum combined with ar- 
Scnical acid, 938 Siliceous earth 
molt completely precipitated by vo- 
latile alkali, ^074 Forms a triple 
Salt by precipitation with fixed al- 
kali, 1075 Is diffolved by boiling 
with alkali, 1076 See Siliceous. 
Vegetable earth fuppofed by Lewis 
to be the fame with magnefia, 



lo83 Mr Gmclin's experiments 
on it, IC09. 

Earths how divided, 6th 5 10 Vitrio- 
lic acid combined with different 
tarths, 635, ei fj. Nitrous acid 
combined with them, 746 Solution 
of iilver decompofed by calcareous 
earths, 755 Characters curioufly 
marked by the fun's light on the 
precipitate, 756 Marine acid 
combined with earths, 797 Fluor 
acid with them, 852 Acetous 
acid, 871 Acid of tartar, 893 
Of phofphoric earths, 108 1 Earths 
do not attract the colouring mat- 
ter of Prulfian blue, 1169. 

Earthen ivare : of its properties as a 
material for chemical veffels, 561. 

Earthy crufl. Sec Cr uff. 

Safl Indies : of the method of pre- 
paring nitre tl.Lre, 724. 

&au dt luce, how prepared, 1037. 

Effcrwfctnec attends the Solution of 
metals, 188. 

Edulcoration, a chemical operation, 
how performed, 571. 

Edinburgh: a kind of ponderous Spar, 
or marmor metallicum, found near 
that city, 106 1. 

Elaflic fluids extricated during the So- 
lution of metals, 189 Great quan- 
tity of eraftic fluid generated by 
the exploiion it aurum fuhni- 
nans, 11 23. 

Elaflicity occafioned by heat, and not 
phlogifton, 209. 

Elective attraclions, in chemiftry, de- 
fined, 177 Precipitation of me- 
tals by one another owing to a 
double one, 229. 

EleElric fluid, in winter, the fame 
with the heat fent down from the 
fun in fummer, 99. 

Eleilrk fpark produces nitrous acid 
in a mixture of dephlogifticated 
and phlogiSticated air, 2d 72a Its 
effect on a mixture of alkaline and 
dephlogifticated air, 155 1. 

Eleclrical heat, why fo much Stronger 
than that of Furnaces, 160 Ca- 
pable of vitrifying platina, 1335. 

Eleclricity : proofs of the identity of 
its fluid with fire and light, 96 
Connection betwixt it. and fire or 
heat, 97 Exceffive electricity of 
the polar regions, 98 Electricity, 
heat, light, and cold, are to be 
looked upon as the effects of one 
univerfal fluid, 101 Explofion 
of fulminating filver probably ow- 
ing to it, II46. 

Elements ; the fuppofition of them the 
origin of alchemy, 23 Mr Boyle's 
opinion of them, 24 Are in their 
own nature invifible, 26. 

Emetic tartars: different degrees of 
their Strength as commonly prepa- 
red, 12.58 Pulvis algaroth the 
moft proper material Sor their pre- 
paration, 1259. 

Empvreumatic acids produced by dry 
diftiliation of vegetables are all of 
one nature, 995 An acid of this 
kind produced from the liquor in 
which tartarous felenites is boiled, 
IOIO. 



255 

Empyreumaticoilt, how rectified, I426. 

England: alum-works when erected 
there, 640. 

Engraving t.n glafs, how pe'-formed 
by means of fluor acid, 2d 857. 

Eolipile may fometimes be ufed tor 
blowing up fires, 609. 

Epfomfalt: proportion of ingredients 
in the common kind, 443 In ni- 
trous Epfi.m, 4-: 4 Cannot be 
found in marine Epforn, 445 -The 
true Epfom Salt Sound in the ley 
remaining after the crystallization 
of alum, 688 Prepared from the 
bittern of fea-falt, 090 

Equilibrium of heat defined, 75. 

Effential fait of lemons, a kind of tartar 
extracted from Sorrel, 883 Effen- 
tial acids produced from the juices 
of vegetables, their properties, 994- 
Phofphorus combined w,th effential 
oils, 141 2 Analyfis of effential oils 
1419 Their tafte SippoSed to be 
owing to a diSengaged acid, 14x0 
Why they lol'e their Solubility in Spi- 
rit oS wine by being frequently di- 
ftilled, 14 21 Converted by Strong 
heat into empyreumatic oils, ib. 
A co-.ifiderable quantity yielded by 
all the kinds of turpentine, 1437- 

Ether, vitriolic, produced by a com- 
bination of vitriolic acid and fpirit 
of wine, 717 Mr Beaume's me- 
thod of making it, 718 Is the 
lighteft of all liquids, 719 Boils \ 

in vacua at 20 below o of Fahren- 
heit, ib. Produces a great degree 
of cold by its evporation, ib D.f- 
Solves gold, ib. An inflammable 
Salt produced by Wallerius by 
combining ether with Salt of tar- 
tar, 720 This thought to he a 
proof of the tranfmutation of vi- 
triolic into nitrous acid, ib. The. 
phenomenon otherwife accounted 
for, 72i,»722 Mr Cavallo's me- 
thod of purifying ether, ad 724 
A refin producible from the refi- 
duum of its diftiliation, affording 
vitriolic, phofphoric, and acetous 
acids, Glauber's Salt, Selenite, iron, 
and earth of flint, ib. Nitrous, 
ether produced by combining that 
acid with fpirit of wine, 775 Dr 
Black's method of making it, ib. 
Mr Woulfe's proeefs for procuring 
it in large quantity, 776 Inquiry 
into the nature of ether, 777 
Made by Dr Black without any 
fpirit, ib. Marine ether how pro- 
duced, 824 Acetous ether 884, 
Saccharine ether, 902 Vitriolic 
ether cryftallizes gold, 1129 Dol- 
fufs's method of preparing it with 
marine acid, 824 With acetous 
acid 884 Methods of Pelletier 
and others for rectifying vitriolic 
ether, 147 1. 

Ethctial folution of gold, its properties, 
1129.. 

Evaporating veffel in alum-works de- 
scribed, 674. 

Evaporation : Dr Cullen's experiments 
en the production of cold by it, 
124 Of the method of perform- 
ing that operation, in chemiftry,. 
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1 o •(> the quantity jpntimcd in mi 

liutnt- h of alum con- 

l erc.it quantity, 446 Of 
[uantity of phlogifton in fixed 
air, id 505. Alkaline falts com- 
: df a cauftic filt and fixed air, 
. :- 1:20 l« not the caufe of the cx- 
n of aurum fulminant, 1 118 
•' exceffivc in I colouring matter from 

the ng, 1 '• Ufcd as lixivium fanguinis, ri;.} Water 

. e exift- impregnated with it diflolves man- 
lined by ganefe, 1371. 
Dr 1 lack's theory of latent heat, Fixt fi attracted by nitrous 

108. than filver, ;,n Vegetable 

fulminating gold vaftly fixed alkali takes up an equal quan- 
r, tity of all the acids, 40a I 
of heat calculation (if tlie quantity of acid 
this fubflance taken Dp by vegetable fixed alkali, 
tuo ln^ance^ of its 419 Stoneware corroded by the 
hi: Its force cauftic fixed alkali, 595 Fixed 
i» not entirely d vnwards. fa I ammoniac the fame with a 

ir n Of the explofion of moift combination of the marine acid 
,114 Not cc- and calcareous earths, 797 Com- 
cafioned by a faliue principle, 1 115, bination of fluor acid with fixed 
IU6 Nor by fixed air, 1118 Mr alkali, 4th 850 Fixed alkaline 
ry of its caufe, 1120 falts how procured, ioi(> 
! by volatile alkali, 1121 table alkali cry ft alii zW in various 
lofion by th» vapours of nur- ways, 1017 Changed by combi- 
•, 1 2 ', 1 . nation with marine acid, 1018 

t, occafioncd by heat Combination of fixed alkalies with 
pplied, 722. fulphur, 1021 With expreffed 

•pocurod from oils, 1026 With effentiai 
l'uct, 2d 1015 Salts formed by 1027 With phlogifton, 1028 
combining it with alkalies, 3d tot.j Differences ohferved betwixt thole 
With e.uthi, ib With metal., obtained from different 
4th 10T5. Precipitate folutions of 

analyfed, 1428. ponderofa whether in their 

milk capable of a com- mild or cauftic ftatc, JC34 I he 
plet Cauftic fixed alkalies throw down 

v, hot and fake fire an infoluble precipitate from thefe 
with fulohur, 1207. folutions, 1036 Marmor metal- 
- ilic fint writer on licum precipitated unchanged from 
iirmy, 8. oil of vitriol by mild vegetable al- 

quantities of water, a kali, 1064 A triple lilt formed 
by fixed alkalies, filiceous earth, 
• -nil that ope- and fluor acid, 1075 The mine- 
ral, but not the vegetable, fixed 
uppofed by I I Ot to be alkali decompofes cryftals of pla- 

The contra- tina, 1322. 
;iinion now embra- Flints, earth of, fuppofed to undergo 

il theories of a tranfmutation by being diffolved 
it inefteem at 1 n what in an alkaline liquor, 1069 

change denied by Mr Bergman, 
.r.cd 111 1070 The fuppofed tranfmura- 
-n and tion found to arife from an admix- 
the fur- ture of clay, 1071 Cry Hals of 
t's flint produced artificially by Mr 
a- Bergman, 10-2 Why the fluor 
le- acid will not diflolve flint dil 
I Dr Crawford's defini- 1073 Earth of flints mod com- 
in's opi- pletely pre* tile al- 

i( n kali, 1074 Fc. le fait 

with fluor acid and fired alkali, 
• - t Dili in an 

:e liquor, 1076 Has a re- 
markable attraction for alkaline 
7 Is 
acid conta 1 rare and fp preci- 

pitated, 10-8 Why the alkaline 
iblation form times cannot be pre- 
ind quit them cipitat heat, 

1079 Liquor of flin s decompo- 



fed by t 10 pre it a quantity of wa- i- alkali, 

:■ acid, I08 With 1 

With earths, | 

Flirts martiaUs, how prepared, 80". metals 853 Glafs corroded by 
of Benzoin, how prepared, it and by the fait prod 
984, rt feq. >et Bentain. Flowers combination with volatile alkali, 
of zinc prepared I •- 8.? 4 <• rving 
gration of that fcmimetal, 1241 t ; BjJ Gold 
Dr Lewis's method of reducing or a phial lined with oil and 
thorn, 1242 An o.l fuppofed 'o recommended for this ji 
be obtained from them by Mr Horn- 836 Dr Pricftlcy's method of 
berg, 1243 His miftake defected converting the fluor acid into air, 
by Neumann, ib. Anothtr oil by 857 Retraces his opinion of its 
Mr Hellot, 1244 Gold and filver being only the vitriolic arid altcr- 
leaf diffolved by this oil, ib. A ed, ib> Fluor acid cannot be ex- 
great proportion of nitre alkalized pi lied by that of arfenic, 934 
by the flowers of zinc without any Why it cannot diflolve flint direct - 
le deflagration, 1249. h> io 73 Why it decompofes li- 

Floir.rs : method of preparing tefts quor of flints, 1080 Is (car. 

fur acids and alkalies from them, pable rf diffolving manganeie, 

155a. 1306 Explanation .I it. 

Fluid: Dr Cleghorn's proof that heat en mi 

is occafioned by one, 82. Dill na and lomc of its cal- 

culties concerning the nature and ccs fuiiide by their means, '.5.37. 
properties of this fluid, 83 Heat Fentana't account of the fpccilic gra- 
mofl probably the action of an vitj of different kinds of air, 375 
omniprel'-nt fli. experimei 1 f his confirming 

heat always produi d by the ton- thofe of Mr Kirwan, 394. 
ol a fluid into a folid, 1 16 Foffilc alkali. See Mineral. 
occafioned by she abforption Foureroy denies th t platina can be 
of h at, 115, 119 i\ proof of this amalgamatedSvith mercury, J330 
from its being impoffil le to cool Inconfiftence in his account of its 
water below 32° without freezing, hardnefs, 1331. 
, 1 - Fragility of glafs when not well an- 

Fividi differ in the d(grces of a'lfoliite nealed, 559. 

they contain, 46 The thin- Franca of the method of making fli« 
neit fluids contain the greateft tre there, 731. 

quantity of heat, 47 Mr Watt s Freezing: of the prodigious expanfive 
experiments on the evaporation of power exerted by water dining 
fluids on vacuo, 126 Fluids part that act, 106. 

with more heat than folid hocli nakes aurum fuiminans cx- 

can, 212. plode without any heat, 11 n. 

Fluor acid: why it can be reduced Fulminating calx of filver made by 
into air without any addition, 207 Kunckel, 736 Fulminating cop- 
I'irfl difcovered by Mr Margraaf, per, 1033. Fulminating gold, 
826 Prepared by diitilling fluor 1 103 Set Aurum fulminant, l'ul- 
fpar with oil of vitriol, 827 Forms minating filver made by M. Bcr- 
a white earthy crult on the furface thollet, 1138 How prepared, 
of water put into the receiver, 1139 Sec Silver. Fulminating 
828, et feq See Crvft. Fluor acid quickfilver, how prepared, 3d 905. 
proved to be diftin<fl from that of Fumes: nitrous and iulphureous ef- 
fea-falt, 835 And from the acid fervefee with one another, 626 
of vitriol, 836 Quicklime pro- Gold not rendered brittle by the 
ved to be the afis of fluor fpar, fumes of tin, IC93. 
837 Miftake of M. Monntt on Furnace, a portable one defcribed, 
this fubject, 838 Wiegleb'a ex- 6co Form of Boerha&ve's port- 
periments on the earth contained able furnace, ib. Another defcri- 
in this acid, 839, 840 Mayer's bed, ib Dr Lewis's portable Fur- 
examination of the acid, 841 How naces, 601 Objection to their 
to procure the acid free from lili- < ufe in fonie cafes, 602 Dr Black's 
ceous earth, 842 Experiments furnace, 2d 602 How adapted 
for this purpofe with an iron di- to the various operations of che- 
flilling veffel, 843 A fait con- miltry, 603 Luting proper for it, 
tailing fluor acid forms no cruft 604 Method of applying the 
by being mixed with fand, 844 lute, 605 Melting furnace, 2d 
But a great quantity with powder- 605 Mr Pott's melting furnace, 
id glafs, 845 Of flu quantity of 606 Why its cavity is made of 
filiceous earth which fluor acid a roundifh form, 607 Lewis's 
carries along with it, ;<<7 Vio- lamp, 911 One conftructed on the 

action of it upon glafs, 848 principles of Argand's lamp, ib. 
Mr Wcnzel's experiments on the Furnaces ncceffary for the operations 
fluor acid in a leaden n tort, 830 of chemiftry, $<)<), rtfeq Directions 

- acid procuiable by meaus of for building them properly, 610. 
the acids of nitr«, fea-fajt, and FufihtUtj of metals increafed by mix- 
phofphorus, 2d 8jo Appearance ture, 542 Great fufibility of 
and properties of it, 3d !. 1 rc 3 of tin and bifrauth, 343 

liurea- 



Index. 

Increafcd by the addition of lead, 
ib. 
Fufion : how to perform that opera- 
tion in chemiftry, .584 Difference 
betwixt the watery and dry fufion,' 
ib. Of the crucibles necelfary for 
the fufion of chemical subjects, 
585, et ftq. See Crucibles. Fufion 
of all metals promoted by bismuth, 
I-2J 1. 
Garphyttan, in Sweden : Rin- 
man's method of burning the alu- 
minous ore there, 668 Method 
of lixiviating it, 670. 
Galls, acid of how feparated from 
them, IJ37 An acid liquor pro- 
cured from them by distillation, 
1538 Its properties, 1539. 
Gafiric juice of animals contains phof- 

phoric acid, 904. 
Geoffrey's fule for determining the 
degrees of chemical attraction, 
262 His table of atTi.iities, 553 
Investigates the constituent parts 
of alum, 641 His theory of Fruf- 
fian blue, 1 165. 
Germany ; method of making nitre 

in fome parts of it, 730. 
Glafgozv: a hind of Spathum ponde- 
rofum found in its neighbourhood, 
1060. 
Glafs: method of engraving on it by 

means of tluor acid, 2d 857. 
Glafs -vjfdls, when to be iifed by che- 
mists, 556 Dr Black's remarks 
on the properties of glafs 558 
Affords the filiceous cruft obferved 
on fluor acid, 840 Violent action 
of that acid on glafs, 848 Cor- 
roded by it and by the armuoniacal 
fait produced from it, 854 i^if- 
muth convertible into glafs, 1250 
How to prepare glafs of antimony, 
1257 A beautiful blue glafs pro- 
duced by the calx of regulus of 
cobalt, 1299. 
Glafs of lead : of the veffels moll ca- 
pable of refilling its action, 589. 
Glafs-making : Pliny's account of the 

origin of it, 7. 
Glaffes : of the materials proper for 

coating them, 580. 
Glauber's fal ammoniac prepared from 
vitriolic acid and volatile alkali, 
633, Sec Ammoniac. 
Glauber's fait: Dr Crell's miftake 
concerning its preparation from 
alum and common fait, ^72 Its 
decomposition by marine acid 
never complete, 291 Reafon of 
this decompofition explained, 306 
Quantity of ingredients in it, 431 
Prepared from vitriolic acid and 
mineral alkali, 632 Dangerous 
confequences of miflaking cryflals 
of nitre for it, 743 Produced from 
the refin extracted from the refi- 
duum of vitriolic ether, 2d 722. 
Glauber's fpir it of nitre, 734. 
Gmelin, Dr, his experiments on the dif- 
ferences betwixt the alkaline falts 
produced from different vegetables, 
1029 On the afhes of different 
plants, 1089 Method of making 
dulcified fpirit of fait, 1481. 
G*ld : why its folution is precipitated 
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l>y green vitriol, 225 But not by 
the dephlogifticated kind, 226 
Why it is precipitated by folution 
of tin, 227 Various precipitates 
of it, 233 Belt kind of aqua regia 
for diffolving it, 481 Quantity of 
it taken up by aqua regia, 482 
Its takes foluble in the vitriolic 
and nitrous acids, 483 Kirwan's 
opinion that the metal cannot in 
any quantity be diffolved in the 
nitrous acid, 484 Dr Brandt's 
experiments, fhowing that it may 
be fo in clofe veffels, 750 Lewis's 
obfervation on this experiment, ib. 
Solution of its calces in fpirit of 
fait, 799 Sublimes along with 
the acid, ib. The fublimate faid 
to be the material ufed for the 
Lino I of St Januarius, 800 Is not 
affected in any way by the arfeni- 
cal acid, 941 Its nature and pro- 
perties particularly treated of, 
1089 Unites readily with all the 
metals, 1090 Its colour debafed 
by all che metals except copper, ib. 
Said to lofe its malleability re- 
markably with tin, 1091 Dr 
Lewis's account of the bad effects 
of this metal upon it, ib. Mr Al- 
chorne's experiments in oppofition, 
1092 Gold not rendered brittle 
by the fumes of tin, IC93 Nor by 
the addition of the metal itfelf in 
fmall quantities, ib. Nor with 
the addition of copper, 1094 
Malleability of gold entirely de- 
ftroyed by a frnuil quantity of re- 
gulus of arfenic, 1095 Surpri- 
fing tenacity of its parts, 1096 Is 
not liable to rufl 1097 Mr Boyle's 
experiment to fhow its deftructibi- 
lity, 1098 Of its folution in aqua 
regia, 1099 This folution of a 
corrofive nature, 1100 May be 
cryflallized, ib. Of the precipi- 
tation of the metal from it, 1101 
Separated from other metals by 
green vitriol, 1102 Explodes 
with prodigious force in fome 
cafes, 1 103 — 1126 See Aurumful- 
minans. Solution of gold by hepar 
fulphuris, 1127 Medical virtues 
of gold entirely imaginary, 1128 
Solution in effential oil not per- 
manent, ib. Diffolved perma- 
nently in ether, and cryftallizable 
by its means, 11 29 Revived from 
its folution in aqua regia by mix- 
ing it with fpirit of wine, ib. A 
method thus afforded of purifying 
it from other metals, ib. How 
to reftore its colour when loft, 
1130 Mercury fixed by amalga- 
mation with gold, 1234 Whe- 
ther it be pofuble to adulterate 
gold with platina, 1356 How to 
detect this fraud if it fhould be 
practifed, 1357. 
Golden calf: its diiTolution adduced 
as an instance of Mofes's fkill in 
Chemistry, 4. 
Golden fulpbur of antimony, how pre- 
pared, 263. 
Golden vcffAs recommended for keep- 
ing the fluor acid, 856. 



Granulation of copper, how performed, 

H48. 
■Giwviiy : the element of fire feems 
to be deftitute of it, 93 Of find- 
ing the fpecific gravity of I 
feruit metallic calces, 327 How 
to find the fpecific gravity of bo- 
dies, 371 Of the fpecific gravity 
of fpirit of fait, 377 How to 
find that of the ingredients in di- 
geftive fait, 380 Of the pure ni- 
trous 3cid, 386 Of its mathema- 
tical fpecific gravity," 388 How 
to conftruct a table of the fpecific 
gravitie of fpirita of nittre of dif- 
ferent strength, 390 How to 
find the fpecific gravity of pure 
vitriolic acid, 397 Of the ace- 
tous arid, 400 Of ftrong vinegar, 
401 Of fixed air, 411 Of fixed 
vegetable alkali, 4:2 Mr Wat- 
fon's account of the fpecific gra- 
vity of fait of tartar, 4T5 Dr 
Lewis's obfervations on the fpeci- 
fic gravity of bell-metal and other 
metallic compounds, T136 
Green colour produced from verdigris 

and cream of tartar, 894. 
Gv.n-poivder : its explosive force vaftly 
inferior to that of aurum fulmi- 
nans, 1 1 08. ' 
Gypjtm : proportion of ingredients in 
the natural kind, 439 For .nod 
of the vitriolic acid and calcareous 
earth, 635 Some differences be- 
twixt the natural and artificial 
kinds, ib. Is foluble in fome de- 
gree by acids, 636 Convertible 
into quicklime by a ftrong heat, 
ib. Fufed by a very violent and 
fudden heat, and likewife by the 
addition of clay or calcareous 
earth, ib. Decompofed by fixed 
and mild volatile alkalies, ib. And 
by the acid of arfenic, 933 found 
in the concentrated vitriolic acid, 
1059. 
Hanover : method of making ni- 
tre there, 729. 
Huffia : of the aluminous ores found 

in that country, 658. 
Heat, two general theories of, 28 
Lord Bacon's definition of it, 29 
Mr Boyle's opinion, 30 Senti- 
ments of Sir Ifaac Newton on the 
subject, 31 Fire or heat general- 
ly allowed to be an element per fe, 

32 Two other theories instituted, 

33 In what they differ from the 
former, 34 General account of 
Dr Black's and Dr Irvine's theory, 
35 Dr Irvine's theory explained 
by Dr Crawford, 36 Ahfolute 
heat defined, 37 Great quantity 
of heat produced by the condenfa- 
tion of vapour, 43, 125 Differ- 
ence of the abfolute heat of differ- 
ent fluids, 46 Thinneft fluids 
contain the greater! quantity of it, 
47 Crawfords account of fen- 
fible heat, 49 Capacities for con- 
taining heat explained, 52 Craw- 
ford's opinion concerning heat in 
the abstract, 54 Dr Berkenhout's 
opinion of its nature, 56 Heat 
has a tendency to diffufe itfelf e- 

K k 
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i j Is ccn- 
'ies ii> 
all bodies 61 ■ Its qv 
ted in all bodies, 64 F.lcpanfioa. 
an univtrfal effe t, 65 

me kind ai 
: contain quanti- 
ties, of heat proportioned to their 
quantities of matter, 67 Equili- 
brium of heat defined, 75 Dr 
Crawford's method ofidetermining 
the- proportional degrees of heat, 
77 His method insufficient, 78 
Nicholfon's account of the theories 
of heat, 79 Advantages of the 
doctrine that heat is caused by vi- 
bration, 80 Anfwer to Mr Ni- 
cholfon's argument, 81 Dr Cleg- 
horn's proof that heat is occafioned 
by a fluid, 82 Difficulty arifing 
from the fuppofition that he; it 
fufes itfelf equally, 84 Another 
from the feeming disappearance of 
heat, 85 Equal distribution <t 
heat promoted by its abforption 
and evoluton, 89 Heat of the 
torrid zone thus mitigated, 90 
Heat most probably the action of 
an omniprefent fluid, 92 Diflri- 
bution of heat occafioned by the 
action of the fun, 94 How heat 
is produced by his rays, 95 Con- 
nection between heat and electri- 
city, 97 Heat in fummer becomes 
electric fluid in winter, 99 Solu- 
tion of the phenomena of heat, 
102 Mr Kirwan's theorem for 
finding the point of total privation 
of heat, 114. Heat the caufe of 
the foftnefs of bodies approaching . 
to fluidity, 118. Abforption at 
heat the univerfal caufe of fluidity, 
120. Heat produced in the burning 
of inflammable bodies comes from 
the air, 13 7 Too much phlogiftoir . 
prevents the heat of burning bodies 
from being intenfe, 158 Why 
the folar heat and that of electri- 
city are fo intenfe, 160 Table of 
the various degrees of heat, 161 
Heat produced during the diffolu- 
tion of metals, 190 Heat and 
not phlogifton the caufe of elasti- 
city, 209 Heat produced in fo- 
lution moft probably proceeds from 
the folvent liquor, 21 1 Argu- 
ment in favour of the weight of 
precipitates being augmented by 
the matter of heat, 249 Experi- 
ments to determine the caufe of 
fome chemical decompositions from 
the degrees of heat produced by 
various mixtures, 277 Alteration 
of the denfity of acids by various 
degrees of heat, 423 Strong fpi- 
rit of nitre more expanded by heat 
than weak, and why, 424 Dila- 
tation of fpirit of fait by various 
degrees of heat, 427 What me- 
tals are calcinable, and by what 
degrees of heat, 530 Violent ex- 
plofions from the fudden applica- 
tion of heat, 72a Effects of heat 
on lapis ponderofus, 969 Mercu- 
ry unalterable by being kept 15 
years in a gentle heat, 1229. 
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g gold 
1244. 

lombi- 
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ib 1023 
10:4 Di 

• '309- 
phur, 210. 

Ilermei Tt ifme^if: 

1 , the founder 
of 1 1. 

mi nts on hu- 

on the nitrous acid, 147a 
Methc ning it quite co- 

krarlefs, 1(7.5 Discovers the true 
com olatile alkali, 

icnts on 1| ' 1 ific 

1 1 d with thofe of 

Kirw.in, 39a Different refukaof 

aitcd for, 39;,, 399 Ah 

oil obtained by Homberg fuppofed 

me from tin Bowers of zinc, 

1143 The miitakc discovered by 

N> um.iH, ib. How he difco- 

% phorusj 14 15 Ceft 

method ol ' f , Ui» S« 

1 that marine 

acid corrodes glafa, 148:. 

yellow colour for 
that purpofc, 699. 

■ fublimate of ma- 
rine acid and gold fhown for his 
blood, 800. 
lit a quantity of he it loft in the 
melting ol it, 42. 

. mucilage of animal fubflan- 
1454 All of them reducible 
to this by long boiling 'b. Is the 
only true aiumal fubftancc ib. 
Forms ■ very Strong cement, ib. 
all equally hot, 128. 
■ an univcrfal effect of fire, 
Difference betwixt ignition 
lunation, 132. 
km the growth of that 
plant a lign of aluminous ores in 
the ground, 639. 
Jnjiammallc and vitriolic acid air ob- 
tained from folution of copper in 
\itriolic acid, 465, 47* Inflam- 
mable Jubilances, their nature and 
516 Principles into 
h they are refolvcd by burn- 
13 y diflillation, 517 
r phenomena with different 
me lingular pro- 
■ 19 Vitriolic acid com- 
. ttfiq. Nitrous 
acid. nne acid, 824 

An inflammable Spirit extracted 
from Sugar of lead, 878 Inflam- 
mable vapour arifing from the dc- 
compofition of hepar fulphuris, 
Volatile nbined 

Of their diviSion 
and chcmkilpropertk 



Mr air: r Ices re- 

nnniuin by it, 3a ; C^:i m- 
• r produced 
from iron, 454 Why n 

need Cron ihe nitrous folution 
of in 

• into it, 145 1. 

Jnjiaw.i- produced from ra- 

IJ44 Sulphure- 
vapours produced 
from it, 1 

difference betwixt it 
and • 

pounded but not destroyed by in- 
:imation, 1 33. 

fympathetic one produced 
from fo. ut ion of cobalt in fpirit of 
fait, 822 Another by means of vo- 
latile tincture of fulphur and fac l.a- 
rum faturni, 1039 l'-lue fympathe- 
tic ink prepared from cobalt, 822, 

1/ifoluble precipitate thrown down by 
cauftic fixed alkali trom folution of 
terra ponderofa, 1056. 

Inundation* prevented by the flownefs 
wiih which congealed water melts, 
88. 

lion: objection to the exiftence of 
phlogiftoo from the total consump- 
tion of dephlogiflicated air in burn- 
ing it, 152 Little phlogillon cx- 
\ from it by this means, 153 
The objection inconclafivi 

metal not reduced to a calx 
by burning in dcphlegiflicated air, 
I55 Water produced in the re- 
duction of it by inflammable air, 
I36 Of its precipitates by differ- 
ent fubftances, 239 Is not an ef- 
fential ingredient in platina, 254 
Nor regulus of nickel, 255 Nor 
cobalt or manganefe, 2<6 Why 
folutions of iron diffolvc copper, 
336 Iron and zinc the only me- 
tals diflblved by vitriolic acid, 337 
Why copper and iron precipitate 
one another, 341 Increafe of the 
3ttracliou of calx of iron to phlo- 
gillon demonilrated, 342 De- 
phlogiflicated folutions of iron pre- 
cipitated by calces of copper, 343 
Why a saturated folution of Giver 
can Scarce be precipitated by iron, 
346 Of the precipitation of zinc 
and iron by one another, 347 
Iron and nickel will Scarcely pre- 
cipitate one another, 359 Cobalt 
precipitated by iron, 362 A triple 
fait formed by iron, regulus of an- 
timony, and marine acid, 366 
Proportion of iron taken up by 
the vitriob'c acid, 453 Why vi- 
triolic air is produced by diffolving 
iron in concentrated vitriolic acid, 
455 Solution of the calces of 
iron in vitriolic acid, 456 That 
of the dephlogiflicated calces re- 
fufe to cryflallize, 457 Propor- 
tion of iron diflblved in nitrous 
acid, 458 In the marine acid, 
462 Calces of iron affume a red 
colourwhen precipitated from their 
folution in the marine acid, 463 
Produce green vitriol by combi- 
nation with vitriolic acid, 696, 697 



pitatc fpontancoufly from 
the \ 1, 698. Iron con- 

tained 111 tin refill produced from 

refidouin of vitriolic 
2d, - jt, be diflblved by 

concentrated, though it will by 

d, nitrous ac : d, 759 Dil 
folves and produces inflammable 
air with irarm< acid, 8o< i 
lized by this ai id, 806 It* folution 
rjfed in medicine, 807 Combined 
with acetous acid, 873 With add 
of tartar, 895 With the acid of 

ic, 948 Its nature and pro- 
perties particularly treated of, 
115 7 Has great tenacity of parts, 
1 15 8 Is a combufhble fubilance, 
1159 Is the only metal capable 
of being welded, 1160 Contract* 
in fufion, and expands again on 
becoming cold, J.161 Is diflblved 
by all metals except lead and mer- 
cury, 1 1 62 becomes brittle by 
being immerfed for fomc time in 
that lluid, ib l an fcarce be 
united to zinc, ib. Has a ftrong 
attraction for arfenic, ib. Is the 
bafis of Pruffian blue, 1 163, ei J\q- 
See Pi i.Jian blue. Calx of iron fa- 
llible in lixivium fauguinis, 1175 
Neutral (alt for discovering it in 
mineral waters, 11 80 Pn 
ted by the colouring matter of 
Pruflian blue from its folution by 
aerial acid, 1191 Nitre alkalized 

by it, 1206 Its filings take fire 
fpontancoufly with fulphur, 1207 
Unites with platina, 134-. 

Iron liquor for printing cloth, how 
prepared, 873 

Irvine, Dr : a general account of his 
and Dr Jdack's theory of heat, $$ 
His theory explained by Dr Craw- 
ford, 36. 

Italy : of the firfl alum-works fet up 
there, 639. 

Juice, gallric, yields phofphoric acid, 
904. 

Keir, Mr, his objections to the doc- 
trines of Mr Kirwan, 2d 510 His 
method of preparing an alkaline 
ftandard, 4th 510 Of finding the 
fpecific gravity of different liquors, 
5th 510 His objections to the 
opinions concerning the identity 
of the vegetable acids, 1540. 

Kermes mineral, how prepared, 
I263. 

Ketley, ill Shropfhire : a kind of fpa- 
thum ponderofum found there, 
1060 

Kilpatrick-bills, near Glafgow : fpa- 
tiium ponderofum found there, 
1060. 

Kirivan'9 opinion concerning fire, 
68 His theorem for finding the 
pcint of total privation of heat, 
114 His remarks on fome expe- 
riments of Dr Prieflley, 325 His 
experiments compared with thofe 
of Homberg, 392 Different rc- 
fults of their experiments accou it- 
ed for. 393, 379 Knwan's expe- 
riments confirmed by one of fon- 
tana. 394 Differences with Mr 
ikrgruan and Lavoifier accouat- 
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for, 43c Ii of opinion th I 

■ <t be diflolvi I in aitrou 
484 Mi flake of Morveau con* 
cernic . andance of acid in 

alum iccounted lor, 642 I 
tions to his iloftrinc concerning 
the 1; . cV. . ol differ- 

ei.t fubflances, 2.: ;. To 

his calculation of the quantity of 
phlogifton in fulphur, 6th jio. 

prepares a fulminating calx 
of filvtr, 756. 

Lamp roRNaci : Dr Lewis's de- 
fcribed, 611 I ible of 

giving a greater luat than 450° of 
Fahrenheit, ib. 

.- fpecimen of a new chemi- 
cal one, 552 Its (brangc appear* 
ance in attempting to accoi 
the phenomenon of fulminating 
filvcr, 1 144. 

Lapis pomlcivfus confidered as a me- 
tallic earth by Mr 1 ergtnan, 967 
Tungjhn. 

Latent heat : experiments by which 
Dr lUack was led to the difcovery 
of it, 41 This heat cannot be 
mcafured, 73 Expanfion of wa- 
ter, in freezing explained by the 
theory of latent heat, 108 Air 
bubbles in ice produced by part of 
the latent heat of the water, 110 
Vapour formed by the ablorption 
of heat into a latent ttate, 120. 

Lavoifier denies the exiftence of 
phlogiftong 137 His arguments 
drawn from the increafed weight 
of metals by calcination, 138 His 
theory of inflammation, 139 His 
arguments from the reduction of 
the calces of perfect metals with- 
out addition, 140 Difpute be- 
twixt him and Prieftley, 141 His 
differences with Kirwan accounted 
for, 435 Account of fomc of 
his experiments on the increafed 
weight of metallic folutions, 523 
Confequences deduced by him from 
thefe experiments, 526 Not well 
founded, 527 Account of the 
conflituent parts of the nitrous 
acid, 1473 His new nomencla- 
ture, 1560. 

Lead: quickfilver produced from it 
in certain cafes, 12, 762 Water 
may be made fufficiently hot to 
melt lead, 131 Why the vitrio- 
lic acid cannot act; upon it with- 
out a boiling heat, 197 Pre- 
cipitates of lead, 237 Sea-falt 
decompofed in various ways by 
means of it, 302 In what cafes 
folution of lead is precipitated by 
other metals, 309 The folution 
in marine acid decompofed by vi- 
triolic falts, 310 Uevival of lead 
from minium by inflammable air, 
324 Why it is ufeful in cupella- 
tion, 331 Precipitation of it by 
nickel, 360 Vcffels capable of 
refitting the glafs of lead, 589 
Lead vcffels moft proper for the 
preparation of oil of vitriol, 627 
cannot be diffolved in the vitriolic 
acid, 7 oj A beautiful white for 
painting ia water prepared from 
litharge 
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litharge, nitrous and vitriolic acids, 
703 Diffolves and cryftallizes 
with the nitrous acid, 761 This 
fait decrepitates with great violence 
in the fire, 762 Becomes fluid 
like oil by repeated diffolutions in 
aquafortis, 762 Combination of 
lead with marine acid 811 Plum- 
bum corneum, 812 Combined 
with acetous acid, 874 White 
lead the refult of this preparation, 
875 Obfervations on the procefs 
for making it, 876 Sugar of lead 
prepared from acetous acid and 
white lead, 877 InfLmmable fpirit 
procured by diflilling this fait, 878 
Combination of had with the acid 
of arfenic, 949 Great attraction 
betwixt filver and lead, 1136 Can- 
not be united to iron, 1162 The 
metal particularly treated of, 1207 
etfeq. The leaft ductile and tena- 
cious of all metals, 1208 Sheet- 
lead, how caft, 1209 Milled lead 
fcarce to be preferred to this kind, 
1210 Rendered fonorous by be- 
ing call; into a certain fhape, 12 11 
Of its calcination, 1 212 Minium 
or red-le.id, how prepared, 1213 
L,itharge,,i2i4 Phenomena with 
other metals, 12 15 Remarkable 
way of uniting with copper and 
feparating from it again, ib. So- 
luble in alkalies and oils, 1216 
Of its union with platina, 1348. 

Lemons, effential fait of, a fpecies of 
tartar extracted from forrel fold 
under this name, 888 Dr Crcll's 
method of cryftallizing the acid 
of lemons, 997 This acid cannot 
be converted into acid of fugar, 
999 Entirely diffolves manganefe, 
1370 Explanation of the action 
of the acids of tartar and lemons 
on manganefe, 1382. 

Levigation, a chemical operation, 
how performed 599 Reaumur's 
porcelain recommended for leviga- 
ting utenfils, ib. 

Lewis, Dr, his obfervations on the 
making of crucibles, 590 His 
experiments on Reaumur's porce- 
lain, 593,594 Del'cription of his 
portable furnaces, 601 Objection 
to their ufe in fome cafes, 602 
His lamp-furnace defcribed, 611 
His experiments to 'mow that clay 
undergoes fome change by being 
converted into earth of alum, 649 
His directions for making turbith 
mineral, 706 Fxperiments on 
the folubility of tin in the acetous 
acid, 880 His opinion concern- 
ing the earth of vegetables, 1088. 
Hi9 methods of amalgamating mer- 
cury with copper, 1 153. His ob- 
fervations on the fpecific gravity 
of bell metal and other compounds 
of the metallic kind, 1 15 6. His 
obfervation on the crackling noife 
made by tin in bending, 1221 
His detection of an erroneous pro- 
cefs in which mercury was fuppo- 
fed to be converted into water, 
1236 His method of reducing 
the flowers t>i zinc, 124a His 
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experiments on alloying platina 
with other metals, 1338. 

Ley, alkaline, why it is unfit for ex- 
tracting the flowers of benzoin, 
989. 

Liba-vius, fmoking liquor of, how 
prepared, 810. 

Lichtenfein's experiments on the acid 
of benzoin, 1530. 

Light: proof of its identity with fire 
and electricity, 96 The effect of 
one univerfal fluid, 101 Charac- 
ters curioufly marked by the fun's 
light on a precipitate of filver by 
calcareous earth, 756. 

Lime the moll proper material for ex- 
tracting the flowers of benzoin, 
991 Cryitaliization of the acid 
of lemons prevented by the fmal- 
left particle of lime, 998 Terra 
ponderofa convertible into a kind 
of lime capable of decompofing vi- 
triolic falts, 1055 Diffolved by 
the colouring matter of Pruffian 
blue, 1189. How prevented from 
flicking to the bottoms of diflilling 
veffeis, 1033 

Lime-water precipitated by the arfe- 
nical acid, 935. 

Liquid phofphorus, how prepared, 1410. 

Litharge prepared in the refining of 
filver with lead, 1214 Almoft 
always contains fome lead in a 
metallic Mate, ib. Bifmuth con- 
vertible into a fubflance of this 
kind, 1250. 

Lithifiac acid. See Calculus, acid of. 

Lixivium fanguinis lofes its colouring 
matter by expofure to the air, 
1 1 72 Calx of iron foluble in it, 

"75- 

Liver of arfenic formed of alkali and 
arfenic boiled together, 1276. 

Lubbock, Dr, his theory of heat, &c. 
142. 

Luna cornea, why it cannot be redu- 
ced without lofs by alkaline falts, 
314 May be decompofed by 
mercury, 356 How prepared, 
802 Its properties gave rife to 
the notion of malleable glafs, 803 
How reduced, 1134. 

Lunar cau/lic, how prepared, 752. 

Lute, proper for lining furnaces, 605. 

Luting, for acid fpirits, 577. 

Maci.ration, in chemiftry : how 
to perform that operation, 598. 

Macquer's theory of Pruffian blue, 
1167 Suppofes the fufion of calx 
of platina by the methods recom- 
mended to be imperfect, 1354. 

Magnefta combined with vitriolic 
acid, 690 With acid of arfenic, 
937 Diffolved by the colouring 
matter of Pruffian blue, 1187 
Will not diffolve in acids after cal- 
cination without heat, 442 Its 
preparation and properties, 514 
Combined with the nitrous acid, 

749- 

Magflery of bifmuth, 766. 

Manganefe : how to dephlogiflicate 
fpirit of fait by it for the decom- 
pofition of arfenic, 919 Combi- 
ned with the arfenical acid, 956 
Identity of vegetable acids proved 



from the folution of manganefe by 
the nitrous acid with the addition 
of acid of fugar, ton From its fo- 
lution by means of vitriolic acid and 
fpirit of wine, II 14 Keeps the 
colouring matter of Prulfian blue 
from rifing, 1204 A new femi- 
metal afforded, 1359 Common 
manganefe treated with vitriolic 
acid, 1360 Is entirely diffolved 
by phlogiflirated vitriolic acid, 
1361 Precipitate and cryflals ob- 
tained from the folution, 1362 
Diffolved by phlogilticated nitrous 
acid, 1363 Effects of it on fpirit 
of fait, 1364 See "Depblogiflicated 
and Marine acid Entirely dif- 
folved by marine acid, 1365 
Scarce foluble in fluor acid, 1366 
Or in that of phofphorus, 1367 
Parly diffolves in acid of tartar, 
T368 With difficulty in the ace- 
tous, 1369 Entirely diffolved by 
acid of lemons, 1370 And by 
water impregnated with fixed air, 
1371 Has a ltrong attraction for 
phlogiflon, 1372 Becomes white 
by faturation with it, 1373 Con- 
tains fome phlogiflon naturally, 
1374 Becomes infoluble in pure 
acids bylofing its phlogiflon, 1375 
Partial folutions of manganefe ex- 
plained on this principle, 1376 
Its ftrong attraction for phlogiflon 
when combined with acids, 1377 
Why it is diffolvrd by the concen- 
trated add of vitriol without ad- 
dition, 1378 Why the volatile 
fulphureous acid diffolves it, 1379 
Explanation of the effects of ni- 
trous acid upon it, 1380 Of thofe 
of tartar and lemons, 1382 Of 
fluor acid, 1383 Effects of man- 
ganefe on nitre, 1384 Experi- 
ments of manganefe united with 
phlogiflon, 1385, et fq. By di- 
ftillation per fe, 1386 Boiled 
with oil-olive, 1387 By diftiila- 
tion with charcoal, 1388 With 
fulphur, 1389 By calcination 
with nitre, 1390 With the ad- 
dition of arfenic, 1391 By di- 
ftillation with fal ammoniac, 1592 
By digeflion with pure nitrons a- 
cid, 1393 Deflroys volatile alka- 
li by attracting its phlogiflon, 
1394 Effects of diflilling it with 
arfenic, 1395 With cinnabar, 
13 6 With corrofive fublimate, 
1397 Ufed far the rectification 
of ether, 1471. 

Margraaf's analyfis of all the differ- 
ent kinds of clay, 648 His ex- 
periments on the phofphoric acid, 
906 His method of reducing 
luna cornea, 1134 His procefs for 
making phofphorus with plumbum 
corneum, 1407 Experiments with 
phofphorus on metals, 1413 Me- 
thod of procuring the acid of ants, 
1502. 

Marine acid, the weakefl of the three 
mineral acids, except when de- 
phlogiflicated, 183 Why it acts 
on fome metals and not on others, 
198 Phenomena exhibited by the 
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marine acid on account cjf its na- 
turally containing phlogiflon, 205 
Dephiogifticated marine acid exa- 
mined, ' 206 Vitriolic falts de- 
compofed by a marine acid, 275 
Contains lefs fire than the Vitrio- 
lic acid, 278 On its expulfion bv 
the concentrated vitriolic acid, 2?3 
Receives fire from the vitriolic 
acid during its expulfion, 284 
Decompofcs vitriolated tartar, 288 
Requifites for the fuccefs of the 
experiment, 289 Cannot decom- 
pofe vitriolated tartar previonfly 
diffolved in water, and why, 290 
Decompofuion of Glauber's fait 
and vitriolic ammoniac by marine 
acid never complete, 29I Nitrous 
falts decompofed by marine acid, 
292 Cannot dtcompofe felemte, 
294 Solution of filver conftantly 
decompofed by falts containing 
marine acid, 308, 312 Vitriol 
of mercury decompofed in the 
fame manner, 313 Nitrous acid 
has lefs affinity with metals than, 
the marine 338 In what cafes 
marine acid can diffolve metals and 
when it cannot, 340 Forms a 
triple fait with iron and regulus of 
antimony, 366 And with regu- 
lus of antimony and copper, 367 
Arfenic precipitated from marine 
acid by copper, 370 Quantity 
of marine in digeilive fait, 379 
Of mild and cauftic vegetable al- 
kali faturated by marine acid, 38Z 
Quantity of mineral alkali fattira- 
ted by it, 433 Of the quantity 
of marine acid faturated by calca- 
reous earth, 438 Quantity of acid 
in marine felenite, 441 Cannot 
be calculated in marine Epfom, 
445 Quantity of earth of aluiu 
faturated by marine acid, 45c 
Quantity of iron diffolved by it, 
462 Calces of iron precipitated 
from it of a reddifh colour, 463 
Quantity of copper diffolved by it, 
469 Tin diffolved in marine acid, 
473 Lead diffolved in it, 477 
Of the diffolution of filver in it, 
480, 8oi Solution of zinc in ma- 
rine acid, 4jo Bifmuth fearer 
foluble in it, 493 Solution cf 
nickel in it, 495 Regulus of an- 
timony fcarce foluble in marine a- 
cid, 505 Why the marine acid 
acts fo weakly, 510 Its nature 
and combinations with other fub- 
flances particularly treated of, 782 
Mofl commonly found combined 
with the mineral alkali, ib. Why 
it is thought by fome to be the 
fame with the vitriolic, 783 An 
experiment tending to make this 
obfervation probable, 784 Dr 
Prieflley's obfervations on marine 
acid, 785 How procured by 
means of the vitriolic, 786* Why 
its diflillation with copperas does 
not fucceed, 787 To procure ma- 
rine acid by means of the nitrous, 
788 By diftilhng common fait 
per fe, 989 Marine acid dephio- 
gifticated by that of nitre, or by 
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the red Giver ore, il>. 

13 With 
f 

I, 806 The folution of iron 
! ufed in medicine, 807 

.! 1.1 ammo- 
niac .-, 808 
: ion of tin, 809 Of great ufc 
in dyeing, ili. V lie me- 
tal, and foi 

i of Libavius, 810 Wirh 

ma with it plum- 

comeum, 812 With quick- 

rnis with it corro- 

fublimate, 814, e; fea. See 

Wlatiliy.es zinc, 020 

lus of antimony, 821 

1 ms a ftiit fym] a- 

. ink with regnlu 

ibincd with inflammable 
fubf 1 Marine ether, 

ractioQ for 1 
Ron, 825 1» not the fame with 
Is tlie fluor 
acid, 2d 830 Purifies fait of am- 
ou Phenomena on diffol- 
vin iolic faits in marine acid, 
1 4 1 On n ixing them with fo- 
lutioi 1 arth in ma- 

te .12 Of the 1 

of terra poiulcrof.i in it, IOJ3 1* 
not neceffary for the preparation 
urum fulminans, 1 1 1 7 So- 
lution of cobalt in marine acid, 
fe upon 
it, 1364 Exiftence of phlogiflon 
in it proved, 1381 Can 1 
unite with butter of arfenic, 1282 
Depl I marine acid the 

only folvent of platina, 1319 U- 
r dill illation of fpirit of ni- 
tre', 737 Various methods of ma- 
ne ether, 824 Method 
of diftilling the acid with clay, 
it upon phlogiftic 
1 481 Glafs corroded 
- aufe of its yellow 
or, 1483 Effect of the de- 
tcd acid up'in phlogiftic 
How to 1 
I the dephlogiftica- 
tcd acid, i486. 

• , chemical, treated of 

. '• itheriog's ex- 

on it, tc6o DifTolves 

Kftmratcd vitriolic acid, 1 06 3 

unchanged 

May I in the dry 

I y fait of tartar, 1065. 

.?.', procured by precipi- 
ith iron, lefs fit for 
dyeing than the common, 344. 
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ravity ex- 

irit of nitre 

mation of the fluor a- 
,841, &c. 

fcribed, 2d 605, 

Menjliuum, a quantity of it retained 
by I 251. 

km fine Jlrcpitu, a liquor for 
diflolving gold, 1 1 1<). 

iui dutch, how prepared from 

five fublimatc. 814, 819 

Preparation of it in the moill way, 

us precipitatus per fe, how pre- 
pared, 1228. 

Mrrcurlus Trifmegiflm, the fame with 
Hermes or yptian, 

the founder of chemiftry, 3. 

Mercury, of its precipitates, 236 Its 
folution in nitri compo- 

fed !>y vitriolic lalts, 311 Vitriol 
of mercury decompolcd by marine 
acid, 313 Why corrofive mercury 
is precipitated by oil of vitriol, 
315 Examination of Dr Prieft- 
ley's experiment concerning the 
revival of mercury, 322 Why fo 
much of the metal was revived in 
the Doctor's experiments, 323 
Why copper is diffolved by folu- 
tion of mercury, 336 Precipita- 
tions of mercury by copper, 333 
Why mercury and filver j 1 
tate one another from the nitrous 
acid, 355 Corrofive 1 fa 
cannot be decomposed by filver, 
though mercury can decompound 
luna cornea, 336 Why precipi- 
. t mercury and alum contain 
part of the acid, 408 Of mercury 
diffolved in vitriolic acid, 485, 704 
Iver. Copper, how amal- 
gamated with mercury, 1 15 2 Dr 
is's methods, Hjj A cu- 
rious amalgam with verdigris, ib. 
Cannot be united with iron, 1162 
May be feparated from its folution 
in nitrous acid by the colouring 
matter of Prulfian blue, 1205 
Ufes of the amalgam of mercury 
and tin, 1223 The metal parti- 
cularly defcribed, 1225 Is fen-, 
fibly heavier in winter than in 
fummer, ib. How purified, 1226 
Curious mercuries prepared by Mr 
Boyle, 1227 Is calcined into a red 
powder, by being expofed to a con- 
fiderable degree of heat, and to the 
air at the fame time, 1228 Is un- 
alterable by a gentle heat, or by 
repeated diftillations, 1229, 1230 
Explofion by its vapours, 1231 
Amalgamated with different fub- 
ftanres, 1232 Separation of the 
amalgamated metal, 1233 Be- 
comes fixed by amalgamation with 
gold, 1234 Suppofed to be con- 
uto water, 123J The 
miftake detected by Dr Lewis, 
1236 How to amalgamate it 
with regulus of antimony, 11;/ 
Can fcarcc be united with pla- 
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1345 Will leave platipa to 
unite with gold, 1 
Metali. I i heir various co- 

lour- dlic folutii : 

tain a calx of the met*) with va- 
ne u n, 214 
Phlogiflon of their co- 
lour, 218 Some metallic lalu de- 
compofe other.-, 224 Advauta- 
■ be derived from the exami- 
nation of metallic precipit il 
Metallic faits infoluble in water 
without ;'ii exeef- of acid, 297 Of 
the attraction of metallic calces to 
phlogiflon, 326 Of finding their 
fpecific gravity, 327 Table of the 
proportional affinities of metallic 
calces to phlogiflon, 329 They 
can never be totally dephlogiftica- 
ted by acid-, 4c 7 Of their gene- 
ral pr pertica, < .9 Are foluble in 
acids, 520 Compiled of an earth 
and phlogiflon, 521 Their calci- 
natioi n, 322 In- 
creafe if weight by acids, 523 
Reafon of the increafe of weight 
in metallic calces, 324 t. 
nations of them with acids. See 
Acid and i Dndero- 
fus fupp;>fed by Mr Bergman tn lie 
a metallic eaith, 967 Why he 
fuppofed the acidi of mol] 
and tangften to be met alb c earths 
973 properties oi the 
■ - 11,- 

0, e> feij. I 

of tht colouring matter ofPruffian 

blue on d- 1192 Its 

effect on metallic fob ions, 1193. 
may receive a vult qu mtity 
of heat :i. ore than is fufii' . 
bring them into a ftate oi I 
11 j The calces ol the perfect 
ones reducible with ut addition, a 
proof of the nonexiflence of phlo- 
giflon, 140 Why they weigh lefs 
in their metallic tlian in their cal- 
cined flate, 150 Combine with 
acids, 176 Separate from them 
again on the addition of earths or 
alkaline faits, 177 Phenomena 
attending their iolution in acid 1 *, 
180 Of their different 
folubility, 185 Their folution 
attended with effcrvefcence, 188 
And heat, 190 Yield httie air 
after they have been calcined, 191 
Why marine acid acts on fome of 
thciii and not on others, 198 Why 
fome metals are more foluble than 
others, 19 1 Their folutiuns con 
tain a calx of the diflblved metal, 
214 Reaibns for believing that 
this calcination takes place, 215 
Why the calces of the perfect me- 
tals may be reduced without addi- 
tion, 216 Phi nomena attending 
the precipitation of metals by al- 
kaline faits, 2to Their precipi- 
tation by one another owing to 
a double elective attraction, 229 
Variations in the order in which 
they precipitate one another, 230 
They conta ; n different quantities 
of phlogifton, 258 Difficulties in 
determining the attractive powers 
2 
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of il i 

tilll - 

up b) 

greater affinity than alkali) 

the acids, 299 V 

cipitate the nn I Why 

the metallic earths l.ddom decom- 
pose fain having an earth M 
for their bafis, 304 Explanation 

of the wide of affinities of thi 

to the different metals, 316 Of 

tlie quantity of pi utain- 

ed in the different 1 
Quantity of it loll by metals du- 
ring calcination, 331 Why the 
metals are more di pi 
by mutual precipitation than by 
direct folution, 335 All of them 
diffolved by nitrous acid, 338 In 
what cafes the murine acid can 
diffolve metals, and when it can- 
not, 340 Mr Kirvvan's < 
nients on metals, 431 Beit me- 
thod of liiilolvhig them, 452 
What metals are calciuable, and 
with 1 eea of heat, 530 

Of their rufting, 541 Their fu- 
fibility in reafed ny mixture, 542 
Their folubility increafed i.y caki- 
, 545 I m cts ol lu jiliur 
on tin 111, 546 Of their divifion 
into metals and fcmimetals, 347 
'I heir good ..ml liad qua:, ii 

or chemical veffels, 360 
Vitriolic I'd ammoniac crroncoufly 
fuppofed to be a great folvent of 
11:1 iuls, 63 i I ff< 1 Is of vitriolic 
acid 01 ) 1 et f<ij. Of the 

nitrous icid, 730 Of the marine 
an 1, 709 Of the fluor acid, 853 
Ol the acetous, 872 Of the acid 
of tartar, 894 Of the a id of su- 
gar, 901 Of the phofphoric acid, 
906 Of the acid of amber, 915 
Acid of molybdaena has no fign of 
any metal, 964 Mi tds diflolvcd 
by hepar fnipburi-, 1025 Combi- 
nation of volatile alkali with me- 
lals, IO34 '1 heir properties par- 
ticularly treated, of, 1090 The 
fufion ol ad metals promoted by 
bifmutl 1231 Of the efie 
white arfenic on them, 1277 Bf« 
of regulus of arfenic on other 
metals-, 12H8 Combination of 
mefjls with fulphur, 1403 Effects 
of phefphorns on them, 1413. 

Micrecofmic fait, how prepared from 
urine, 903 Mr Margraaf's ex- 
periments on it, 606. 

Mill, of its acid, 974 Acquires its 
grcatcft acidity by ftanding a fort- 
night, ib. Schccle's method of 
procuring the pure acid of milk. 
976 Properties of this acid, 977 
It fecms to be of the acetous kind, 
978 Milk is capable of complete 
fermentation, 979 How to pro- 
cure the acid of fugar of milk, 980. 

Milled lead : the advantages of ufmg 
it in preference to fheet-lead pre- 
carious, 1270. 

Mindercri fpir.ius ; how tO cryflral- 

lize it, 1515- 
Minium, of the revival of lead from 
it by inflammable air, 324 How 
to 
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to prepare it from the metal, 1 2 1. 3. 
Mineral alkali, why preferred as a 
precipitant by Mr Bergman, 231 
Precipitates platina imperfectly, 
234 An equal quantity of all the" 
mineral acids taken up by vege- 
table fixed alkali. See Acids. How 
to prepare the mineral alkali for 
experiments on the precipitation 
of metals, 429 Quantity of it ta- 
ken up by the dephlogifticated ni- 
trous acid, 532 Excels of acid in 
aluminous ley cannot be removed 
by mineral alkali, 630 Of its 
combinations with the different a- 
cids. See Acetous, Marine, Vi- 
triolic, &c. Difference between it 
and the vegetable alkali, 1019 
Whether mineral alkali can fcpa- 
rate platina from its folvent, 1329 
Fifty-fix times as much of it re- 
quired to precipitate this metal as 
of vegetable alkali, ib. 

Mineral Acids. See Acids. 

Mineral ivuters : Mr Woulfe's teft 

for them, 1557. See Waters. 
M'fp'del, a natural regulus of arfe- 

nic, 1286. 
Mixtures ;_ the attractive powers of 
acid«. determined by the various 
degrees of heat excited by them, 
277 Increafed denfity of mix- 
tures accounted for, 374 Time 
required by mineral acid s and wa- 
ter to acquire their utnioft, denfity, 
422 Phenomena refulting from 
mixtures of the different acids, al- 
kalies, and neutral i'alts, with one 
another, 1040, et-feq. 
Molybdana, acid of, examined, 957 
How to reduce the fubftance to 
powder, 958 Effects of the acid 
of arfenic upon it, 959 Violent 
action of the concentrated nitrous 
acid upon this fubftance, 960 A- 
cid of molybdaena procurable by 
fire alone, 961 Its chemical pro- 
perties, 962 Is capable of unit- 
ing with phlogifton, 963 Shows 
no fign of containing any metal, 
964 Properties of the acid ob- 
tained by nitie, 965 Molybdae- 
na recompiled by uniting its acid 
with fulphur, 966 Differences be- 
twixt the acids of tungftcn and 
- molybdrena, 971 M. Pelletitr's 
experiments on this acid 1497- 

M^nnet's opinions concerningthc fluor 
acid, 833 Shown to be erroneous 
by Mr Scheelc, 834 Miftake of 
Mr Monnet concerning the bafis 
of fluor fpar, 838. 

Morveau's miftake concerning the 
preparation of Glauber's felt from 
alum detected by Mr Kirwan, 642 

Mofcs fuppofed to be well fkilled in 
chemilb'y, 4- 

Mucilage of vegetables confidered, 
1452 Of animals the fame with 
jelly or glue, 1454 

Muriatic. See Marine, 

Naphtha, a fine kind of mineral oil 
defcribed, '44^- 

Neumanns obfervations on the pre- 
paration of the magiltery of bif- 
nnith, 766. 
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Neutral fait t compofed of an acid and 
alkali, 172 One for difcovering 
iron iu mineral waters, 11 80 Pla- 
tina may be partly precipitated by 
fame neutral i'alts, 133 1. 

Neiuivn, i\r Ifaac, his fentiments con- 
cerning heat, 31. 

N/cljolfoni account of the theories of 
heat, 79 Anfwer to his argu- 
ment concerning vibration as the 
caufe of heat, 81 His account of 
the capacities of bodies for con- 
taining heat, &c. 113. 

Nickel, a kind of femimetal, of its 
folution and precipitation, 242 Is 
precipitated by zinc, 358 Iron 
and nickel will fcarcely precipitate 
one another, 359 Nickel preci- 
pitates copper, lead, and bifmuth, 
360 Throws down fome hetero- 
geneous matter from cobalt, 363 
Of its foiution in vitriolic acid, 
493 In the nitrous acid, 770 Ef- 
fects of acid of arfenic upon it, 955 
The femimetal particularly treat- 
ed of, 1306 Difcovered by Mr 
Cronftedt, ib. Effects of calcina- 
tion with a violent heat upon it, 
1307 'Of fulphur and borax, 1308 
Of hepar fulphuris, 1309 Of nitre, 
13 10 This fait feparates all the 
co'ialt in the femimetal, 1311 
Effects of fal ammoniac upon it, 
1312 Of nitrous acid, 1313 Of 
volatile alkali, 13 14 Nickel can- 
not be obtained in a flate of puri- 
ty, 13 15 Bergman's opinion of 
its compofition, 1316 Experi- 
ments to compofe it artificially, 

13*7- 
Nitre : quantity of acid, water, and 
alkali in it, determined, 391 Why 
it is fo much lighter than vario- 
lated tartar, 416 The ingre- 
dients of which it is. compofed, 
420 Of the prej aration of nitre,, 
724 et fn. Difcovered in fome 
places in Podoha in Poland, 725 
In Spain and America, 726 Re* 
quifites for its f< r. nation, 727 
Cramer's artificial compofl for ma- 
king it, 728 How prepared in 
Hanover, 729 In other parts of 
Germany, 730 In France, 731 
Dr Black's conclufion concerning 
its nature, 732 Suppofed to be 
the laft effect of putrefaction, 733 
How to procure the fpirit of nitre 
by means of vitriolic acid, 735 
Of its reel ificatioO, 736 Different 
methods of diftilhng, 737 Its 
ufes, 738 Prepaid from the ni-, 
trous acid and veg table fixed al- 
kali, 740 Cubic nitre formed 
from this acid and mineral alkali,, 
741 Enumeration of its proper- 
ties and ufes, 742. 743 Danger 
of fwallowing large quantities of 
it, ib. Is pur. fie by throwing a 
little fulphur on its furface while, 
melted, 744 Calcareous nitre, 
747 How alkalized by charcoal, 
779 ClyfTus of nitre, 780 Its 
expelkd by that of phospho- 
rus 907 And by that of amber, 
910. And by the acid of arfenic. 



930 Properties of the acid of 
molybdnena obtained by nitre, 96J 
Alkalized by iron, 1206 And by 
the flowers of zinc, 1249 Effects 
of regulus of arfenic on nitre, 
1290 Effects of it on cobalt, 
1303 On nickel, 1310 Is ca- 
pable of fcparating all the cobalt 
from nickel, 13 1 1 Effects of 
manganefe on nitre, 1384 Of 
phlogilticated manganefe upon it, 
13 90 M. Berthollet's new fait 
refcmbling it, 2d 793 Method 
of making it in quantity, 1487 
Generated in fome cafes without 
putrefaction, 1478. 
Nitrous acid, the moft violent of any 
in its operations, 181 Renders 
the calces of metab almoft info- 
luble, 196 Why it precipitates a 
folution of. tin or antimony, 400 
Is more obvioufly changed than 
vitriolic by the addition of phlo- 
giil n, 203 Vitriolic falts decom- 
pofed by it, 275 Contains lefs 
fire than the vitriolic acid, 278 
On the expulfion of it by the vitrio- 
lic acid, 280 By a I'm all quantity 
of dilute vitriolic acid, 282 Re- 
ceives fire from the vitriolic during 
its expulfion, 284 Of the decom- 
pofition of vitriolated tartar by it, 
a8.5 Vitrolatcd tartar cannot be 
decompofed by dilute nitrous icid, 
287- Ni.tr.ous falts decompofed by 
marine acid, 292 Marine falts 
by the nitrous acid, 293 Ni- 
trous acid attracts filver more than 
fixed alkali, 301 Nitrous felu- 
tions of mercury decompofed by 
vitriolic falts, 31 1 Nitrous acid 
diffolves all metals, though it has 
lefs affinity with them than the 
vitriolic or marine, 3yd Why 
mtrcury and filver precipitate om 
another from the nitrous acid, 355 
Regulus of arfenic precipitated by 
bifmuth from the nitrous acid, 369 
This acid, when pure, cannot be 
to exift in an aerial form, 
38 3 To find :ific gravity 

of pure nitrous acid, 386 Quan- 
tity of mineral alkali taken up by 
'■> 432 
Quantity of ingredients in nitruys 
felenite, 440 In nitrous Epfoni, 
444 Of pure earth of alum taken 
up by it, 449 Of iron diffolved 
by it, 458 Quantity of nitrous 
air obtained from this folutiqn, 
459 Nitrous acid cannot act up- 
on iron in fuch a dilute date as the 
vitriolic, 461 Of copper diffol- 
ved by the nitrous acid, 468 Tin 
diffolved by it, 47', Of lead dif- 
folved in nitrous atid, 476 Sil- 
ver with nitrous acid, 479 Calces 
of goid foiuble by it, 483 Can- 
not diifolve gold according to Mr 
Kirwan, 484 Zinc with nitrous 
acid, 488 Eefs metal diffolved 
by concentrated than by diluted 
nitrou9 acid, 489 Effects of this 
ac.d on nickel, 494 On regulus 
of antimony, 500 On regulu- of 
arfenic, 503 Eiiervefceuce between 
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nitrous and fulphureous fumes, 
626 Experiment relating to the 
converfion of the vitriolic into the 
nitrous acid, 720 Inconclufive, 
72 r Of its origin, 2d 722 At- 
taction for phlogifton, its diitin- 
guifhing characteriflic, 734 How 
to extract it by means of the vi- 
triolic, 735 How to purify it 
from any vitriolic taint, 736 Of 
diflilling it with different fubitan- 
ces containing the vitriolic acid 

737 Of its ufes, and the method 
of diflilling it in the large way, 

738 Procured of a blue colour by 
means of arfenic, 739 Of its 
combination with alkaline falts, 
740 Forms common nitre with 
the vegetable alkali, ib. Cubic 
nitre with the mineral, 741 , Ni- 
trous ammoniac with volatile al- 
kali, 745 Of its combination with 
earths, 747 Forms calcareous nitre 
with quicklime or chalk, ib Is 
decompofed by quicklime, 748 
Forms Baldwin's phofphorus with 
it, 749 Produces aflringent com- 
pounds with earth of alum, and 
purgative ones with magnefia, 
ib. Of its combination with me- 
tals, 750 Is capable of diffolving 
gold in fome cafes, ib. Diffolves 
and cryffallizes with filver, 751 
Forms lunar cauftic with it, 75a 
Diffolves and cryffallizes with cop- 
per, 757 Corrodes, and adts vio- 
lently upon iron, but fcarcely dif- 
folves it, 759 Diffolves tin in ve- 
ry fmall quantity, 760 Forms 
a violently decrepitating fait with 
Jc^d, 761 Diffolves quickfilver 
in great quantity, 763 'Purified 
by dillillation .from this metal, 
from vitriolic or marine acids, 

764 Readily diffoives bifmuth, 

765 And zinc, 767 Corrodes 
regtdus of antimony, 768 Dif- 
folves cobalt, nickel, and arfenic 
769, 770 Affords a method of 
difcovering cobalt in ores, 770 
Thickens expreffed oils, 711 
Forms ether with fpirit of wine, 
773> ^j%- Of its decompofiticn 

ton, 778 Takes fire 
with fome cffeiuial oils, ib. How 
to procure marine acid by its 
means, 788 Dcphlogifticates this 
acid, 790 Fluor acid procured by 
its means, sd 850 Effects of it 
on fait of amber, 912 Arfenic 
decompounded by it, 918 Vio- 
lent action of it on molybdcena, 
960 Effects of diffolving vitrio- 
lic falts in it, 1040, IC42 Forms 
fine cryftals with terra pondercfa, 
1066 Is not neceffary for the 
preparation of aurum fuhninans, 
1 1 17 Effects of ir, on arfenic 
mineralized by fulphur, 1280 Re- ■ 
gidus of cobalt combined with it, 
1301 Its effects on nickel, 1313 
- itions of its efftdts on man- 
ganefe, 1380 . Of digefting phlo- 
giiticated manganefe with pure ni- 
trous acid, j 393 Camphor de- 
compofed by it, 1424 Procurable ■ 
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blue, 

zinc, 1443 The niiftake difco- 
■1 other 

i oil, 

14.) 7 
of folution, 

■ i trow s 
by fpi- 
ilkalies 

Lead 
e com- 
bination of pho ] 

tial oils, 141 2 I proper- 

l of, 1419, 

utnatic 
' .; 26 Hum to purify ran- 
cid oils, 1431. 
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of it, 

- 
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I 

- 
. 
I 

the pi 

the i 

1 in chcmiflry def 
The a- \ how to perform 

cid in 1 " them, 

mely Volati 
that ( > 6 5 l 

n Alum, fulphur, and vitriol, cx- 
in quick tracked from the fame, 6j >) How 
the veffi 1 ne- to difcover cobalt in on 
I. In of the nitrous acid, 770. 
anoth ' fulphur and ar- 

[ogifticated 'r phofphoric qua- 

lity, 1 
.!, viz. precipitate per fe. In Papin's digefter defcribed, 567. 
rperiment he found, that a con- P> ccount of him, 14 Hi- 

lantity of fixed air was ftory of chemiftry fince his time, 
produced, and that the water be- 15. 

I by the abibrption of it. Peat analyfed, 1440. 

on the FeUetier, M. 'his method of rectify- 
i- ing ether, 1471 His experiments 
M97- 
acid by rombuftion ; but Pelicm^ an obfolete chemical veffel 
- their nafcent defcribed, 566. 
acid is generated; Pentland Hills, marmor mttallicum 
ipktely formed found near them, 1060. 
■•, the ni- Per/,8 metals. See Metals. 

Peruvian balfam, yields acid of ben- 
not unite zoin, 153:. 
- Quantity of it Petroleum, or rock oil, account of it, 
Imion of iron in ni- 1443- 

ntityofphlo- PliUfopbic fal attuamiae, compofed of 
in it, 505. vitriolic acid and volatile alkali, 

liftry, how diftin- 633. 

How PLlogific matters.- effect of nianne 
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without 
putes on \\\\- 



1 

marin 

bonis, ro8t 
How 

The procefs for makii 

. 1409 Liquid 

us on 
fpirit of wine, 1. 

■ 

graaf's a me« 

4:3 Canton's phofphorus 

1414 Homberg's phofphorus, 1 115 

rus. 

M. Pelletier has now difcovcrcd a 



S, 22 



acid upon them, 1481, 



from its ii 

wantof gravity,i4 ; Coninn n 

coal and ph 

Pricf:! 

of a I 

ted by 
abftracYmg part of the phlogi- 
fton, 186 But totally pre-, 
by taking aWay tro much, as ex- 
emplified in 1 187 
Hindered by too great a quantity 

on, [94 : 
of colour in metallic folu 
218 Attraction of phlogifton 
fuppofed to be the caufe of caufli- 
city, 219 Metals conl 
ent quantities of it, 258 Of the method of uniting phofphorus, with- 

. out any decomposition, with all the 

,17 Method of cal- metals, though he cautions againfl 

culafing this qua '' vvitn which the procefs is 

■ m re g, Gold is phofphorated by 

f th { 1 mixing half an ounce of its calx with 

fphoric ghfsand about 
tra&i< Ilk calces to phlo- a grain of powdered charcoal; the 

1, 326 Whence their va- whole is then put into a crucible, the 
rious degree? of affinity to phlop;i- compofition covered with a little 
don may he determined, 328 powdered charcoal, and a degree of 
Table of their proportional affini- heat fufficient to fui'c the gold ap- 
ties to phlogifton, 329 Quantity plied. A great many phofphoric va- 
of it loft by them during calcina- pour-, arife, but part are detained, 
tion, 33I Their affinity to the and unite with the gold which is left 
ent part of their phlogifton, at the bottom of the crucible. The 
increafe of the attraction of metal by this operation lofes its co- 
the calx of iron to phlogifton de- lour, becomes whitifh, breaks under 
monftra'ted, 342 Quantity of the hammer, and has a cryftalline 
phlogifton contained 111 nitrous appearance. Uy continuing the fire 
air, 505 In fixed air, 2d 505 In ajong time the phofphorus would be 
vitriolic acid air, 506 In fulphur, entirely diflipated. The quantity of 
507 In marine acid air, 509 Attrac- phofphoric gl ifs and charcoal juft 
tion of marine acid for phlogifton, mentioned is fufficient to phofphorate 
825 Union of phlogifton with a- a whole ounce of platina. By an 
cid of molybdteua, 963 1^; re- hour's calcination in a crucible, the 
markably difpofed to ily off from metal is converted into a blackifh 
hepar fulphuris, 1024 Combined mafs refembling filver, weighing up- 
With fixed alkalies, 1028 Suppo- wards of an ounce, and of which 
fed to exift in the colouring matter the lower pari ( ubical cry- 

of Pruffian blue, 1196 Is ftrong- dais. Notwithftanding this change, 
ly attra&ed by manganefe, 1372 however, the quantity of phofpho- 
Gives a white colour to manga- rus united with the platina is very 
ncfe, 1373 Some phlogifton na- inconfiderable ; for from 12 ounces 
turally contained in this fubftance, of the metal, and as much phofpho- 
1374 Proof of its exiftence in the ric glafs, only la ounces and five 
muriatic acid, 1381 Sulphur de- grains of the phofphorated metallic 
compofed by a fuperabundance of mafs was obtained. It was very 
phlogifton, 1401. brittle, but of coniiderablc hardnefs ; 



tates corrofivc 1 entity of pre- Phofphoric acid, found in the refiduum, was not attracted by the magnet, and 

r, and why, cipitate obtained from manganefe of ether, 2d 722 Expels that of by expofure to a ftrong fire parted 



jlj on it, 

it is 

of uffenic, 



by it, 257 Phlogifticated air an in- 
:rous acid, 2 
1028 LoCi 

[68 Cannot 
- except from ma- 
i'hlogiftica: 
acid diffalves manganefe, 



fluor, 2d 850 This acid particu- with the phofphorus it had been com- 
larly treated of, 904, ft feq. Ex- bined with. He ol - all 

pels the acids of vitriolated tartar, the metals lofe their malleability by 
liitre, Canfcarce- , cx- 

I the rcfi- 
j. 5ur- dui. once 

prifing phofphoric qua! -J, -vill it rv. . 

fhells, 1087 By whom difcover- for the fame purpofc. 

Tke 
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for;: heat, 1353 This fufi< n 
poled by \ lacquer not to be r . 
1354 Attempts to purify platinaj 
by cupcllation, 135J Of the pof- 
fibility of adulterating gold with 
it, 1.356 Methods of detecting 



this fraud if it fhould be pradiferi, Prefervatives-of*vood,frll. 



1357 Phitina nioft eafily difco- 
verable by its great fpecific gravi- 
ty, i:>.r 



The fait formed by a combination 

of the phofphoric acid with mineral 
alkali is found to be an ufeful purga- 
tive, and as fuch is now brought into 
pract 

■4 Struve and Marquart are 
(aid to have difcovered, that the ga- 
ftric juice of animals is compofed of 
the phofphoric acid and volatile alka- 
li ; arid Mr Struve has compofed a li- 
quid from .thefc two ingredients Pliny's account of the origin of glafs- 
which acts in a fimilar manner on a- making, 7. 

limenfery .natters. Plumbum corneum formed of marine 

Pitco.il analyfed, 1 447. acid and lead, 8 1 2. 

■ not partly compofed of iron, Podolia, in Poland : nitre found in 
254 An excellent material for the earth in that country, 725. 
chemical vcffels, 587 Mr A chard's A: ■ the exceflixe cold of 

method of making crucibles of its winter, how mitigated, 98. 
calx, ib. Effects of acid of ar- Poland . See Podolia. 
fenic upon it, 942 Is the heavieft Ponderous fpar formed of terra ponde- 
of all metals', 1318 Fnfoluble ex- rofa and vitriolic or aerial acid, 
ccpt by dephlogifticated marine 1051 Bzc s Terra ponJerofa. Ana- 
acid, 1 3 19 Found in fmall grain?, Fyfis and properties of the aerated 
1310 Bergman's experiments on kind, 1057. 

it, 1321 Cryftals of it can be de- Portable furnaces, 600, etfeq. See Fur- 
compofed by the mineral, but not naces. 

the vegetable fixed alkali, 1322 Porcelain veffels of ufe in chemiitry, 
Soluble in aqua regia njade with 563, 591 Reaumur's porcelain 
nitrous acid and fea-falt, 13 23 recommended, 592 
In one made of nitre and fpirit of experiments upon it, 593. 
fait, 1324 Solution of the calx in Pott's directions concerning crucibles, 
marine acid lets fall a cryftaliine 583 His melting furnace defcri- 



tloni of, and by anti- 

mony, 365 Of and by arfenic, 
368 Of regulus of arfenic by 
bifmuth, 369 And by copper, 
370 The operation of precipita- 
tion defcribed, 570. 



Prejfure of the furrouding fluid a mean 
of retaining fire in bodies, 55. 

Priejlley : difpute betwixt him and 
Lavoifier, 141 Identity of phlo- 



■ 
of its fixed air, JH 

fpirit of nitre, 748 h 

fluor fpar, 837 Effects of it on 

fait of amber, 1 

Iver fometimes produce 
lead, 12, 762 Its combii 
with . See Mercury. How 

to obtain a perfectly faturat 
lution of it in ; '. 1 293 

Qiiickfilver, fulminating, 3d 903. 



and charcoal given by his SQuiefcei defined, 267. 

• rents, 146 Kirwan's ex- 
amination ol his experiment con- 
cerning the revival of mercury, 

322 ,Why fo much of the metal 
was revived in his experiments, 

323 Kirwan's remarks en thefe 



Radical vr rs from ths 

common acetous acid, 1528 In- 
flammable fpirit produced from it, 

1544- 
Rancid alls purified by churning with 
water, 1 43 1, 
experiments, 325 His method of Realgar, or red arfenic, prepared 
procuring the lulphureous vitrio- from arfenic and fulphur, 1279. 
lie acid, 714 His observations on Reaumur's vd by ce- 

marine acid, 785 Experiments mentation of green glais, 592 Dr 



on converting the fluor acid into a 
kind of air, 857 His experiments 
on the vegetable acid air, 883. 
Privation rf heat totally : Mr Kirwan's 
theorem for finding the point of it, 
114. 
Dr Lewis's Pruffian blue, a preparation of iron, 
1 163 Dr Woodward's receipt 



Lewis's obfervations on the me- 
thod of making it, 593 An ex- 
cellent material for chemical vef- 
fels, ib. And for levigating planes, 
599 His method of rendering 
lead fonorous, 121J Hint for an 
improvement of the fhape of bells. 
ib. 



powder on the addition of vege- 
table alkali, T325 But not the 
nitrous folution, 1326 This pre- 
cipitate a kind of triple fait, 1327 
Whether mineral alkali can fepa- 
rate platina from its folvent, 1328 
Fifty-fix times as much mineral 
alkali as of vegetable requifite for 
the precipitation, 1329 Effects 
of the volatile alkali on the folu- 
tion, 1330 The metal partly 
precipitable by neutral falts, 1331 



bed, 6c6 See Furnace. His ob- 
fervations on the decompofition of 
nitrous acid by quicklime, 748 
His experments on the fait of am- 
ber, 909. 
Precipitate, infoluble, thrown down 
by cauftic alkali from folution of 
terra ponderofa, 1056 Pheno- 
mena on diftiiling metallic preci- 
pitates thrown down by Pruffian 
alkali, 1198 Precipitate of plati- 
na vitrified by M. Beaume, 1352. 



for making it, 1164 Mr Geof- Red lead, how prepared, 1213. 
froy's theory, 1 1 65 Amufing Red precipitate of mercury, how prepa- 
phenomenon in the preparation, red, 764. 

1166 Macquer's theory, 1167 Reduclion of metallic calces, without 
Some blue produced by the com- addition, an argument againft the 
mon alkalies, 1170 Mr Schcele's exiftence of phlogifton, 140 The 
inveftigation of it, 1171, etfeq. phenomenon explained, 320 
Pruffian blue yields volatile alkali Regulus. See Antimony, Arfenic, and 
by diftillation, 1197 Appearances Cobalt. 

on diftiiling other precipitates Reid, Dr, his obfervations on the 
thrown down by the Pruflian alka- temperatures of bodies, 50. 
li, 1 198 Appearances on thrilling Relative heat explained, 38. 
Pruffian blue accounted for ( 1203. Refns analyfed, 1432 Are enly bal- 
See Colouring ■,, fam's thickened by evaporation, ib. 



Triple falts formed by this metal, Precipitates, why fometimes thrown Pulvis Algaroth, the moft proper ma- Retort, a chemical veffel, defcribed, 



1332 Platina the molt infufible 
fubftance in the world, 1333 Firft 
melted by a burning mirror, 1334 
May be vitrified by electric fire, 
*335 I ts precipitate fufible in a 
common forge, 1336 This pre- 
cipitate, or even crude platina, 
fuiible by the affiitance of fluxes, 
1337 Alloyed by Dr Lewis with 
other metals, 1338 With gold, 
1339 With filver, 1340 Cop- 
per confiderably improved by 
union with it, 1341 It unites 
moft readily with zinc, 1342 



down by acids, 221 By the per- 
fect 1 : neutral falts, 222 By a triple 
combination, 223 Various pre- 
cipitates of gold, 233 Of the 
caufe of fuch great variations in 



terial for emetic tartar, 1259 57°- 

Objection to its ufe, 1260 The Revivification of metals, how accom- 
objection removed by Mr Scheele, plifhed, 522. 

1261, 1262. See Algaroth. Pulvis Rlnman'% method of burning the ore* 
fulminans, how prepared, 1405. of alum, 668. 

the weights of precipitates, 248 Purification of quickfilver. See Mercu- Roaftlng aluminous ores, ufes of it, 662, 
Arguments in favour of the weight ry and Quickfilver. tt faj. See Alum. 

of precipitates being augmented Putrefaction : nitre fuppofed to be the Robinfon, Mr, of Glafgcw, deter- 
by the matter of heat, 249 A laft effect of it, 733 Not always mines the boiling point of water 
quantity of the menftruum retain- neceffary for the production of ni- in vacuo, 123. 

ed by fome precipitates, 251 tre, 1478. Rocb-alum, whence that name is de- 

Table of different ones, 259 Why Pyrites, how to extract green vi- rived, 638. 

thofe of mercury and alum con- triol from it, 619 Its prefence Rochelle fait formed of cream of tartar 
tain part of the acid, 408. the only requifite for the produc- and mineral alkali. 891. Scheelc's 



And with the compound metals, Precipitation : phenomena attending tion of alum, 654. 



•1343 The compound of brafs 
and plrtina a proper material for 
fpeculums, 1344 It can fcarce be 
united with mercury, 1345 Is de- 
ferted by mercury when gold is 
added, 1346 May be united 
with forged and cait iron, 1347 
And with tin, lead, or bifmuth, 
1348 May be melted by means 
of arfenic, r$4? The poffibility 
of uniting it with mercury denied 
ence in 
his account of its hardnefs, 1351 
litateofplat tbyM. 

Beaume, 1352 The precipitate by 
£A ammoniac fuiible in a ilrong 



method of preparing it, ib. 



that of metals by alkaline falts, Pyrometer, an inftrument for meafu- Royal Society, when founded, 19 
220 Their precipitation by one ring the expanfion of bodies, 103. This and other focieties of the 
another owing to a double elective Pyrophorus of Homberg, 1415 Beft kind has been of great advantage 
attraction 229 Ufe of the tables formed of alum and fugar, 1416. to chemiftry, ib. 
and calculations for knowing a Is not injured by expofure to light, Rufiing rf metals explained, 541 Tin 
priori the phenomena of precipita- 1417 Theory of its accenlion, lefs liable to this defect than iron 
tion, 333 Why mutual prec : pita- 1418. 

tion dephlogifticates the metals Quadruple salts, how formed, 273. 
more than direct folution, ^?>5 Quantity of heat, difficulty of deter- 
Precipitations by lead, 352 Of mining it, 70 It cannot be uied 

in the common acceptation of the 



mercury by copper, 353 Of nickel 
by zinc. 358 Of copper, 
and bifmuth, by nickel, 360 Of 
cobalt by iion, 362 Of feme 
heterogeneous matter from co- 
balt by nickel, 363 Precipita- 



or copper, 1223. 

Saccharine acid, how prepared, 

896 Saccharine ether, 902 Is 

not eafily fet on fire, and burns 

with a blue flame, ib. 

word with regard to fire, 71 It Saccharum i,s folution de- 

cannot be determined by Dr Cleg- ftroys that of green vitriol, 1044, 



horn's hypothefis, 76 Is impof- 
fible to be determined in any way, 
112, 



and folution of tin, 1045 How 
prepared from lead, 877 An in- 
flammable fpirit procurable from it 
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Sal v. 

..•:, and 

ible tar- 
i 



I 
the cr- 
one i erning 

iTUlt, 846 iiod of 

ream of tartar and ex- 
.i)37 1^'f- 
Inic, 916 
His method of analyfing 1 

I, 968 His 

ie pure acid 

of milk, 976 Hi or pre- 

nzoin, j;i 

ig the pulvis algaroth, 

1262 Difcovers the nature of the 

colour . 1 blue, 

1 1 71 Method of preparing Ro- 

chi.ll' I 



of preparing the a- 
cid of tartar, %S$. 

. component parts of 
• 

-, decompofed in various ways 
I, 301 Why the diftil- 



of th fait of 

- con- 

ubh in 

d with an emiffion 
of air-bul 
for an eff 



lation oi it does not fucceed with 
Its a id not the 

with that of iluor, 83J Its 

I by that of pi' 

rus, 907 >id by acid of arfenic, 

951 Whitens lilver, 11.57 Un- 

fuccefsful attempts t> decompofe 

- ) Method of diddling its 
aJ.i w ith ilay, I480 i ff( . 
the fpirtt upon phlogiftic matters, 



, 1 r cured from a va- 
1: 11 in 1. 533 Has a 

liable force of attraction, 
[66 1534 Irs effects on tin, 1535 On 
fo- other fijbftances, 1536. 
lution, \(j- \rc < by Secret Jai , Glauber's See 

■ cation, Glaubtr and Amm^ 

fait. See Btrax, acid of. 

lies, in<; 

ls\utr.il I by the com- Stttmitw. See Gy/Jlm. Tound in the 

l lYr- I vitriolic ether, 2d 722 

t cannot be decompofed by 
i, ft. \\], marine acid, 294 Quantity of 

on mix- ingredients in nitrous felenite, 440 
In marine felenite 441. 
by neutra tmtei tartarfis, compofed of acid 

ts, of tartar aud calcareous earth, 887, 
. its 893 The liquor from, which it 
nitrous and has been extracted affords an cm- 
:aatic acid of tartar, roio. 
Nit, nimctal. a new one procurable from 

mar I e. 2S mt. fcnngften, 1501. 

feldom StmimeUU, one of the general claffes 
lUtrals, of metallic fubfhnces, 547. 

. C'rawiords account of 
! acid and earths, 871 it, 

Of fixe *6 See Slut-fad, how made, 1209. The 

re- advantages of milled lead over it 
,331. .iubious, laio. 

I -unci in the reiiduum of vi- 
n, triolie ether, 2d - 



. how to fct them 
610. 
.-. . found 

6j3, 



a crufl on the 

r into which fluor acid is di- 

Of the 

quantity of filiccous earth carried 

along with this acid, 847. Molt 



■ 

line I 

act up< 11 it without a boiling 
1 j ■ Difficulty - 
nialgamati 

Is attracted mo: 
by nitrous a 

ition.of viti 
.1 by folution of filv i 

}o6 its 

: mpofed by 

marine falts, 508 Experiment 

the re duct' 
ccs per ft , 320 Why copp( I 

■ 1 by folution of Giver, 336 
Why a fatnrated folution i>f Giver 
can fcarce be precipitated by iron, 
346 Why cop; :s can- 

Glver, 348 
not precipitate coppei from vi- 
triolic acid, 354 Why il 

s mercury from the nitrous 
acid, 255 Cannot decompi 
relive lubiiniate except in the dry 
356 Of its folution in vi- 
triolic acid, 478 In marine acid, 
480, 801 Of its combination with 
vitriolic acid, 6yi liaa a ftrong 
for iiiercnry in this 
Hate, it'. Combination with the 
nitrous achi, 751 Volatilized 
by uniting with this acid, ib. Co- 
lours produced Ly this folution, 
753 The folution decompofed, 

755 Is not acted on by the arfc- 
nical acid, 943 Ths 

ticularly treated of, 1131 'Its duc- 
tility inferior to Id, ib. 

lour and ductilii 
by fulphur, 113a Purified bycu- 
tion with lead, 1133 Redu- 
ced from its combination with ma- 
rine acid, 1 1 34, j 135 
attraction for lead, 1136 Whiten- 
ed externally by common fait and 
cream of tartar, 1137 Fulmina- 
ting filver discovered by K 

756 T>y M. 

How prepared, 1139 Fulm 
by the touch of any lubftace, 
whether cold or hot, 1140 Dan- 
gerous to fulminate more than a 
1 at a time, 1 41 Cryilals 
formed by evaporating the liquor 
after the precipitation of the calx 
expli by a touch, 1142 

Cautions to be ufed in preparing 
it, 1143 Abfvr.l theory by which 
the anl I to ac- 

count for this phenomenon, 1144 
Remarks on it aad others, 1145 
Electricity probably the caufe of 
this phenomenon, 11 46 Silver 
precipitated from its folution iik ni- 
trous acid by the colouring matter 
of Pruflian blue, 1191, 1205 Com- 
bination of it with platlm, 

Sifhoas, an Egyptian, the founder of 
chemiitry, 3. 

Smalt produced from the calx of co- 
balt and flints, 1295. 

frnvfint lijuor of Libavius prepared 



In: 

1 

method by long .1 r'lc 

l>r Lewis 

. 
i ith the oil in that 
Hy fub- 
1 by the el- 
florcl. t, il>. 

' iiig to 
fluidity caufed by heat, 118. 

hy fo much more in- 
than that of common fires, 
160. 

a, aluminous ores found there 
man, 056. 
. ii h io much 
heal ziz 

tab, various 
degrees of it, j S c Their folubi- 
lity increafed by calcination, 545. 
bolnile 1uri.tr, prepared by com- 
bining cream of tartar with vege- 
tal 1* fixed alkali, 889 The fame 
with the faiine mixture prefcribed 
in fevers, ib. 

Solution oi falts in water, phenomena 
attending it, 165 Hypothefil 
concerning it, 167 Salts deduc- 
tible by repeated folutions, 168 
Phenomena attending the folution 
of metals, 180 Sometimes pro- 
moted by abftracting a portion of 
1 I 1 aliy prevent- 

ed by ay teo mtuh, 187 

on of msl 1 with 

•nd the ex- 
t>U8 kinds o! . 
fluids, 189 mi's account 

the caufe of chemical folution 

193 Solu by too 
great a quantity of phloj 

194 Heat produced in folution 
molt probably j itn the 

ill R. alons for 
believing tiiat metals are calcined 
by folution, 215 Why folution 
of gold is precipitated 
of tin, 227 Why fob 
careons earth deconi] 
latcii tartar, 270 Dt 
of vitriolated tartar by folution of 
filver explained, 305 Thi 
tion always decompofed by marine 
falts, 308 As alio foiution of 

lion of 1 
marine acid decompofed by vitrio- 
lic lalts, 310 /\nd nitrous folu- 
tion of mercury, 31 Solution 
of copper fcarcely decompofed by 
cafl iron, 345. Why _ fatnrated fo- 
lution of liivcr can fcarce be pre- 
cipi-ated by iron, 346 Of the fo- 
lution ofe d in vitriolic 
acid 456 That of the deph! 
cated ifes to cry 
4J7 Solution of tin in vitriolic 
acid immable air, 471 
How to perform the chemh 

I cl folution, 564 Solution 



Index. 

of filver in nitrous acid, 751 
Shoots into a corrofive fait, ib. Its 
cryftals form lunar cauftic, 752 
Stains hair, bones, C<c of a brown 
or black colour, 753 Imparts va- 
rious colours to ftones, ib. Cu- 
rious vegetations produced from it, 
754 Several curious circumftances 
attending its decompofition, 755, 
756 Solution of calces of gold in 
marine acid, 799 Of tin in aqua 
regia, 809 This folution ufeful 
in dyeing, ib. Is decompofed by 
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vegetable acids proved from t: e 
decompofition of this ayjdi ico8 
Nitrous acid enabled by the acid 
of fugar to diffolve ; 
ron Method oJ the 

acetous acid from i f , 8 -. 



gravity, 377 Proportion of acid been purified and examined by Mr 
in fpirit of fait to that in fpirit of Schrikel. Eight ounces and four 
nitre, 3^5 Dilatation of fpirit of fcruples of liquid were obtained in 
fait by various degrees of heat, this manner from 16 of fine fugar. 
427 Effects of it in the way of About fix drachms of water came 
folution in cobalt, 498 How pro- over firft ; after which the acid pal- 
cured by means of vitriolic acid, fed in white vapours, which conden- Sugar of milk : how to procure its 
786 By nitrous acid, 788 By fed in unctuous ftriaj on the fides of acid, 9S0. 

diftillation of common fait without the receiver. It had a pungent and Sulphur dephlogiflicated by nitre us 
addition, 789 Diffolves and vo- agreeable fmell, and tailed empyrea- acid, 195 Exifts in hepatic air, 
latilizes the calces of gold, 799 matic By repeated diftillations from 
Arfenic decompofed by dephlogi- pure clay, its fmell became mild, and 
fticated fpirit of fait, 919. it acquired an apparent increafe of 



faccharum faturni, 1045 Calca- Spirit of -wine yields a great quantity acidity. With vegetable alkali, it 



reous folutions by mild volatile al- 
kali, ib Solution of falts promoted 
by vitriolic acid, 1048 Solution 
of terra ponderofa a teft of the vi- 
triolic acid 1058 Solution of 
flint, 1069 Solution of alkali dif- 
folves filiceous earth, 1076 Solu- 
tion of gold in aqua regia, 1 099, 
tt feq. In hepar fulphuris, 1127 
In vitriolic ether, 11 29 Solution 
of lime by the colouring matter of 
Pruflian blue, the moft proper for 
making experiments on metals, 
1 190 Effects of this matter on 
metallic folutions, 1193 How to 
attain a perfectly faturated folu- 
tion of qu/ckfilver, 1239 Of the 
folution of arfenic in water 1269 
Effects of regulus of arfenic on me- 
tallic folutions, 1293. 



of water by being burned, 134 formed a fait tailing like that of Syl- 
Convertible into charcoal, 147 vitfs, and {hooting into needle-like 
Ether produced by its combination cryftals, foluble with difficulty in 
with vitriolic acid, 717 Its com- cold water, but not at all in fpirit of 
bination with nitrous acid produ- wine. It did not deliquate in the 
ces fpiritus nitri dulcis and ether, air ; but decrepitated in the fire, and 
773, &c. Ether with the marine did not melt on hot coals. With the 
acid, 824 With the vegetable mineral alkali yellow cryftals were 
acid, 884 And with the faccha- formed refembling Rochelle fait in 
rine acid, 902 Converted into tafte, eafily foluble- in water, and not 
acetous acid by digeftion with the deliqusting in the air. Volatile al- 
acid of tartar, 1013 Enables vi- kali gave a fliarp faline liquor, which 
triolic acid to diffolve manganefe, could not be cryitallized, but left a 
1014 Yields a great quantity of faline mafs on evaporation; and a fiiui- 
water by diftillation with cauftic lar faline mafs was produced by i:ni- 
alkali, 1015 Diffolves a fmall ting it with calcareous earth. Mag- 
proportion of arfenic, 1270 How nelia and earth of alum formed gum- 
it may be made to diffolve ful- my compounds. When concentrated, 
phur, 1402 Diffolves effential it diffolved the calx of gold, and even 
oils, 1421. gold-leaf; but had no effect on fil- 

Sorrel, a kind of tartar extracted Spiritus Mindereri : how to cryftallize ver, mercury, or their calces With 
from it fold for effential fait of le- it, 1515. minium, it gave a yellow folution, 

mons, 888. See Sugar. "Bfiritui nitri dulcis, how prepared, which fhot into oblong white cryftals 

ain : when alum was firft made 774 Analyfis of its refiduum by Mr of an aftringent tafte. A blood-red 
Spthere, 640 Nitre, how prepared Pott, 781 Affords acetous acid, folution, which Ibot into green cry- 
in that country, 726. 1007 And acid of tartar, 1009. ftals was obtained from iron. Copper 
ar, pouderous, account of Dr Wi- Spiritus volatilis ficcinnaius . See Eau was diffolved into a green liquid, 
^thcring's experiments on it, 1057. de luce. which did not cryftallize. Regulus of 
eciftc gravity. See Gravity. Stabl : a miftake of his concerning antimony was alio diffolved, and the 
Specula, materials proper for them : the converfion of marine into ni- folution was of a greenifli colour, 
.typropofed by Mr Hellot from a trous acid detected, 793. Zinc was partly diffolved into a 
mixture of gold and zinc, 1246 Standard fiver : quantity of pure me- green liquor, and partly corroded. 
A mixture of brafs and platina tal contained in it, 321. The precipitates were remarkable. 
propofed by others, 1344- Star formed on the furface of regulus The cryftals of iron gave a green 
Spirit of nitre : how to determine the of antimony, 1252. precipitate with alkalies, a black or 
quantity of pure acid contained in Steel, fait of, the fame wdth green dark blue one with Pruli'ian alkali, 
it, 384 Proportion of it to that vitriol, 697 How prepared from and a white one with marine acid. 
in fpirit of fait, 385 How to de- iron, 1207. Solution of regulus let Fall a yellow 
termine the accrued denfity on Stills, how to fet them, 610. precipitate with fixed alkali ; with 
mixing fpirit of nitre with water, Stone tvare corroded by cauftic alka- volatile alkali, a powder foluble again 
387 F.xperiment to determine lies, 595. in the precipitant ; vitriolic and ma- 
the real quantity of acid in fpirit Stmjburgh turpentine defcribed, 1435. rine acids, and an infufion of galls, 
of nitre, 3N0 How to conftruct Sublimation, in chemiftry, how per- threw down a white pov. tier, but no 
a table of fpecific gravities for fpi- formed, 581. precipitate tnfued on ridding nitrous 
rif of nitre, 390 Strong fpirit of Sublimate. See Corrofive. acid Solution of zirc gave a white 
nitre more expanded by heat than Sugar, acid of, the fame with that precipitate with irdufion of pails, al- 
weak, and why, 424 Exact of fortel, 2d 903 Acid of apples Dalies of all kinds whether -fixed, vo- 
euantity of dilatation of fpirit of procured from fugar by means of latiie, or phlogifticateri, as well as by 
nitre, j.2$ Solution of mercury the nitrous acid, 1512. the vitriolic acid- Tin was partially 

with fpirit of nitre, 426 Quan- The acid procurable from this fub- diffolved, and the folution prucipita- Svnfl*<wer contains nitre,. %%\. 
tity of bifmuth diffolved by it, 492 fiance by means of the nitrous, re- ted by alkalies, and an iiii'ufion of Sweden; when alum was firft made 
Of cobalt, 497 Of regulus of ar- fcmbles that of tartar, in being ca- galb, hut not by any of the mineral there, 640 Method of roaftine 
fenic, .504 How to prepare this pable of fuperfaturating the vegetable acids. Lead was precipitated of a the aluminous ores there, 665, 7t 
fpirit by means of oil of vitriol, alkali, and forming with it an acid white colour by vitriolic and marine feq. 

735 By means of arfenic, 739 fait refembling crude tartar. This acids, and of a grey colour by i;:fu- Sympathetic ink of a Mue colour 82:. 
Oils fired by it, 778 Effects of is found naturally exifting in forrel fion of galls. Table of the different degrees "of 

it on fait of amber, 912. and fome other plants There is, Sugar of lead. See Saccbarum and 

Spirit of fait : method of finding the however, another acid obtained from Saccharine. Whether the acid of 
quantity of pure acid contained in fugar along with an etnpyreuma'ic ft gar or of tartar is the bafis of 
it, 376 Of finding its fpecific oil, by dry diftillation, which has Vegetable acids, 996 Identity of 



210 Quantity of phlogifton in 
it, 507 Proper method of burn- 
ing it, ,508 Defiroys the 1 

ability of metals, ^,i6 How to 
procure the vitriolic acid from it, 
623 Quantity of the acid con- 
tained in fulphur, ib. Quantity 
procurable from it 624 Me- 
thods of obviating the difficulties 
in the procefs, 625 Efferyefcence 
betwixt the fumes of nitre and 
fulphur, 626 Extracted from the 
fame ore with alum and vitriol, 
659 Pn pared by combining the 
vitriolic acid with phlogifton, 715, 
716 Effects of acid of arfenic up- 
on it, 924 Molybditna recom- 
pofed by uniting its acid with ful- 
phur, 966 Combined with fixed 
alkalies, ion Its phlogifton dif- 
pofed to fly off when fulphur is 
combine,! with fixed alkalies, 1024 
Its combination with volatile alka- 
lies, 1038 Effects of it on filver, 
1132 TtRcs fire fpontaneoufly 
with iron filings, 1207 Cannot 
be united with zinc, 1248 How 
to feparate it from antimony, 1254 
Eafily united with arfenic, 127;-; 
And mineralizes it, 1284 I 
of it on regulus of cobalt, 1305 
Effects of it en nickel, 1308 On 
manganefe, 1389 Its nature and 
properties particularly confidered, 
1398, etfq. May be cryftallized, 
1400 Decompofed by Superabun- 
dance of phlojrifton, 1401 How 
it may be diffolved in fpirit of 
wine, 1402 Its union with me- 
tals, 3403. 

Sulphureous fumes effervefce with 
thof'e of fpirit of nitre, 626 Vo- 
latile lijlphureous acid defcribed, 
713 How procured by Dr Pricfi- 
ley, 714 Why this acid diffolves 
manganefe, 1379 Sulphureous 
inflammable vapours procured from 
radical vinegar, 1545. 

Sun distributes the heat on the earth 
94 How heat is produced by his 
ray% 95 His light Wakens the 
precipitates of folution of filver, 
756. 



heat, 
tates, 
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Of different precipi- 
lrom Mr Bergman. 2^9 
Ol the quantity of acid taken up 
by different bafes, 268 Coinci- 
dence 
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it, 1050 Its appearance wh n 
combined ■with . 

- of liu upon it, . 

nnmcna with marine acid, IO53 

Is precipitablc from it by mild and 
caultic fixed alkali, [O54 Con- 
vertible into lime capable of de- 
compofing vitriolic (alts, I05J 
Infoluble precipitate thrown down 
by cauitic alkali, 10.56 Analyfis 
and propeitits of the atruted pon- 
derous fpar, 1057 Its folutioa a 
tcfl of the prefence of vitriolic a- 
cid, 10.58 Nitrous folution (hooti 
into fine cryftalt, 1006 A fmall 
quantity diffolved by the colouring 
matter of Prullian blue, 1 1 88. 
Tefls for acids and alkalits : Inaccu- 
racy of thofe commonly in life, 
1549 How to prepare one from 
red cabbage and other vegetables, 
1550 — 155a Mr Woulle's tell 
for mineral waters, 1557 



: > •• ' ind it rnnr cffrrvefccJ with acid 

th in the juice of I d 468 grains. On treating 

I *»*• in the fame manner a folution of 

Eft- terra f. ri, the liquor began 

1 iic obtained it to change the fyrrp of violets green 

1 from the juice of grapes, mul- in two months, and in four the de- 

compofition feemed to he complete. 
I [plums; alfo from ho- At the end of a year he filtered 

rr, gum aiabic, manna, and evaporated the liquor to drynefs, 

!i wood, i\ui\ the by which procefs he obtained 4;,! 

root of black hellebore. In thefe grin,, of fixed alkali. The lame 

nitrons acid is made quantity of terra foliata tartai i dc- 

'. air in oil life of, however, it may juflly be compofed immediately by diftillation, 

iit of tartar is yielded only 36 grains more of alkali. 

ii from it In Solution of fait of wood forrcl fuffcred 

; procuring the no dc> ompofition by a hmilar treat- 

r>f tartar by means of cai- ment for two years. The latter he 

it is advifable to obferved to be a much more power- 

te ufo of quicklime rather than ful ar.tifceptic than tartar; for which 

ble the quantity reafon it fcems to refift decompofition 

11 >fed. An in a proportionable degree. He fup- 

<>t' pure tartar contain pofes oil to be the principal caufe of 
tali, 43 parts the deftruction of thefe acids; and 
11 of acid employed to faturate that al- the obvious deficiency of oil in the Theory of cbemijlry defined, 21. 
\ kali, and 34 of fuperabundant acid, faccharine acid, in comparifon with Thermometer : its ufc, 103 Wcdge- 
ufing oylier-fhells well prepared tartar, fecms to be the caufe of the wood's improvement, 104. 

g and powdering, '.he cry- want of capacity in it to undergo the Thunder and lightning 1 why more 
t air. ed very decompofition juft mentioned. A common in fummer than in win- 
id pure. Some chemifU have remarkable circumitancc attends this ter, 100. 
■ 1 Combi- imagined that the vegetable aikali, fpontancous decompofition, viz. that Tin: why nitrous acid precipitates 
the acid of tartar with does not exift ready formed in tartar, no air is either abl'orbed or emitted its folution, 200 Why folution 
.ii- L-ut that it is produced by fire or during the whole procefs. It is alfo 
ices, 8^4 ii mineral acids. In proof of this M. worth notice, that in combining acid 

ib v h ;.- M hi (Hers the following experi- of tartar with fixed alkalies, the fait 
ted tartar ents. On an ounce of cream of fuperfaturated with acid or cream of 

dor thatoffugar t mar were poured 10 ounces of tartar is always formed in preference 
i, tl ids, 996 boiling water, and the mixture al- to the other cMedfoluhle tartar. Thus 

I t irtar by dry lowed to remain in a jar covered if to a faturated folution of alkali 
.10 Requisites for with paper and parchment in which with cream of tartar we add another 
near the flate a fir.all hole was made with a pin. of pure tartarcous acid, a white fpongy 
•if tartar, 1002 Weftrumb's un- At the end of three months it was matter will be precipitated to the 
npt for thispurpofe, confidcrably diminifhed ; and con- bottom; which, on examination, is 
[lion vi the tained a quantity of thick, tough, found to be a true tartar. Anyother 
■ lity of the tranfmutation, yellow, mucilaginous matter, which acid added to the folution of tartari- 
1 | 1 ended by neither effervefced with acids nor al- fed tartar will in like manner pro- 

him for att the experi- ki lies, 3iid, when burnt, the afhes duce a precipitation of tartar, by cn- 

nment in favour were found to contain only a very gaging a part of the alkali with 
acids fmall quantity of alkali. The ex- which it was combined ; and if the 
f an empy- periment was repeated by Mr Cor- acid of tartar be added to a folution 
ruin. . 1 the vinus with fome variation. He kept of any neutral fait containing the 

: in which 1 felenite a folution of cream of tartar in a vegetable fixed alkali, as vitriolated 

1 ,1 the fob - en ic° and 30 of Rcau- tartar, fait of Sylvius, and nitre, a 

Lture of mur'a fcal< ; r :-"\ing the falinepel- fimilar precipitation of tartar will 
- which formed on the furface enfue. Hence the acid of tartar may 
f tar as fall as they appeared, and redif- be employed as a tefr. to difcover the 
. 1137 Of folving them in water By conti- prefence of the vegetable fixed alka- 
ttion of untie tai:ar, nuing the ebgc.lion for feveral li, and to diftinguifh it from the mi- 
ll -. 1 •_ -;, . ■. S e ; ths, the liquor became at laft neral, which has not that effect. 

rlently alkaline: and he thus ob- Bergman indeed obferves, that Ro- 

nation of its ac- tained 216 grains of a brown alkali chelle fait will do the fame thing; 

- from two ounces of cream of tartar, but it muft be remembered that this 

..icthodof procur I, Mr Bcrthollet expofud for nine is prepared with crude tartar, which 

months, to the heat of his laboratory, contains a portion of vegetable alka- 

. . id of tartar has been a folution of two ounces of cream of li, and not with the pure acid. 

t of the tartar in eight ounces of water J ta- Temperatures: Dr Reid's obferva- 
yct late expe- king care to replace the water which tions concerning, 50. 

is is not cv.it' orated, but without removing Terra foliata tartari S'ec Sal diureti- 

lt has been found not only the crufls which formed upon the cus How to prefervc it in a bottle 

t in that furface- At the end of this time he without danger of its deliquating, 

found that the liquor was no longer 868. 

mix acid, but began to turn the fyrup of Terra ponderofa combined with acid 

green. In 18 months it be- of arfenic, 940 Ufually found 

..ka- came ii.aline ; and left, united with vitriolic acid, 1049 

, , an e-ily rtfiduum Dr Witberirg's experiments upon 



of gold is precipitated by folution 
of tin, 227 The precipitate con- 
fifts partly of tin, 228 of its 
precipitates, 240 Why it cannot 
be precipitated in its metallic form, 
350 Action of the vitriolic acid 
on tin, 470 Diffolved in nitrous 
acid, 472 Great fufibility of the 
compounds of tin and bifmuth, 

543 One foluble in hot water, 

544 Of the compound formed 
by it and vitriolic acid, 701 Its 
folution in marine acid ufeful in 
dyeing, 809 Is volatilized by 
this acid, and forms the fmoking 
liquor of Libavius, 810 Of its 
combination with the acetous acid, 
879 Dr Lewis's experiments on 
this fubject, 880 Effects of acid 
of arfenic upon it, 950 Solution 
of tin deftroyed by faccharum fa- 
turni, 1045 Said to deftroy the 
malleability of gold remarkably, 

1 09 1 Mr Alchome's experi- 
ments to determine this point, 

1092 Its fumes do not render 
gold brittle, 1093 Nor the ad- 
dition of fmall quantities of tin 
and copper, 1094 The metal 
particularly treated of, 1216 May 
be beat into thin leaves, 1217 Of 
its calcination, 1218 Its affinity 
with arfenic, 1219 Arfenic fc- 
parable from it, 1220 Dr Lewis's 
obfervations on this affinity, 1221 
Other metals injured by tin, 1222 
Tin not liable to ruft, 1223 An 
ingredient in aurum mofaicum, 
1224 Of its union with fulphur, 
ib. Readily unites with platina, 
1348 Remarkable effccls of the 
febaceous acid upon it, 1535 Vo- 
latile alkali prepared from a mix- 
ture 
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ture oi it with nitrous acid, 15 ^3- able change on copper, iiji Ve- bable that fimilar acids might be ob- apples by treating the infufion with 

Tinftura martis made from marine getable fubftances in general confi- tained. Mr Morveau has obtained nitrous acid. If a pound of Indian 
acid and iron, 807. dered, 145 1. from galls a lefin which he fuppofes rhubarb be infufed in hot water, a 

Tobacco naturally contains nitre, 733. The fMoiving is a lift of the Vegetables to be their acidifiable bafe ; and powder fubfides, which by wafhing 

Tolfa: method of burning the hard from -which the indufiry of the modem which, along with pure air, forms becomes white, weighing then about 
ores of alum there, 669. chemifts has procured different acids, the acid of galls. When purified, nine drachms, and is found to con- 

Torrid zone : heat of it how mitiga- ivith the names of the difewcrers. this acid is fuid to make a fine and fid of calcareous earth united with 

ted, 90. i Agave Americana. The juice durable ink. the acid of fugar. S. \ 

Tranfmutation of metals not to be ere- exfuding from the calyx of this plant 16 Geraninum acidum. Small acid 36 Ribes cynojhati. Acid of citrons 
dited, 11 A feeming tranfnrata- yields acid of tartar and apples. Mr cryflals Cartheufer. Said by Hermb- or lemons. Scheele 
tion of vitriolic into marine acid, Hoffman of Weimar. ftadt to be the acid of fugar. 37 Salep. Acids of fugar ani 

784 Tranfmutation of earth of 2 Aloes. Acid of fugar and ap- 17 Goofeberries. Acid of apples, apples by treatment with nitrous a- 
flints into fome other, 1069 The pies. Mr Scheele. Scbeeie. — Hermbftadt fays that they cid. Scbeeie. 

midake difcovered by Mr Berg- 3 Apples. A peculiar acid called contain the acid of tartar alfo. 38 Service (Morbus aucuparia). A- 

man, 1070, etfq. See Flint. by the name of the fruit. l>y ni- 18 Grapes. Their juice well known cid of apples. Scheele. 

Triple and quadruple falls, how form- trous acid that of tartar is procu- to contain the acid of tartar p:.r- 39 Solanum dulcamara. Acid of 
ed, 273 Volatile alkali particu- red. Mr Scbeeie and Mr Hermbfiadt. tially combined with fixed alkali. citrons. Scheele. 

larly adapted for their formation, 4 Barberry. Acid of apples, and 19 Grafs-rcots. Saline cryftals 40 Serrc! (Rume% acetofa). Cryftals 
274 Metallic fpJutions fome- of tartar. I'.y treatment with ni- from the extradl of the juice after of tartar by evaporating and cryfhil- 
times decompofed by a triple com- trous acid it yields acid of fugar. three months Handing- Thefe were Using the juice"; and pure acid of tar- 
binatien, 223 A triple fait form- Scheele and Hermbfiadt — Hoffman de- foluble in water, and gave an earthy tar by faturating the acid with chalk, 
ed by marine acid, iron, and re- nies that it contains any native acid precipitate on mixture with fixed al- and then expelling it by means of 
gulus of antimony, 366 Another «f tartar. Ly treating it with fpirit kali. On abflracting the nitrous a- the vitriolic. Hermbfiadt. Other che- 
by marine acid, copper, and regu- of wine and manganefe he obtained cid from them, and adding a folu- milts, however, have certainly found 
lus of antimony, 367 A triple an ether. tion of calcareous earth in vinegar, a it to contain the acid of fugar partly 

fait formed by precipitating filice- 5 Bilberry {Vaccin'ntm myrtillus). precipitate fell, which was found to neutralized with alkali, and which is 
ous earth with fixed alkali, 1075 Equal parts of the acids of citrons and confift of acid of tartar faturated capable of being cryftuliized. This 
A. kind of triple fait formed by apples. Scheele. with lime. Hermbfiadt. is generally known under the name 

precipitating calx of platina from 6 Bramble (Rubus chamamorus). 20 Gum Arabic. Acid of fugar of fait of ivood-forrel, and is manufac- 
the marine acid, 1327 Other The fame with the foregoing. Scheele. and apples. Scheele. tured in conlidcrable quantities in 

triple falts formed by it, 1332. 7 Camphor. A peculiar kind of 21 Gum tragacanth. Acids of fu- Thuringia, Suabia, Switzerland, and 

Tubal- Cain : whether to be account- cryflallizable acid. M. Kofegarten. gar of milk, apples, and fugar. the Hartz. It is prepared from this 

ed a chemift or not, 2. 8 Cherries, Equal parts of acids %% Hazv {Cratcegus aria). Equal plant as well as the oxalis acetofella. 

Tungften particularly examined, 967, of citrons and apples. Saccharine parts of acids of citrons and apples. The plants are bruifed in flone cr 
et feq. Confidered as a metallic acid by treatment with fpirit of 23 Honey. An acid liquor by di- wooden mortars; the juice is fquee- 
earth by Mr Bergman, 967 nitre. Scheele, Hermbfiadt, and We- ftillation ; and with fpirit of nitre, the zed through linen ; and when cleared 
Scheele's method of analyfing it, Jlrumb — Hermbfiadt fays that he acid of fugar. The diitilled acid has by fettling, is to be boiled to a pre- 
968 Effects of heat upon it, 969 found acid of tartar alfo. been faid to diffolve gold. per confidence, and clarified with the 

Its chemical properties, 970 Dif- 9 Citrons and lemons. A particular 24 Lemons An acid the fame whites of eggs, or with blood. It is 
ferences betwixt the acids of tung- kind of cryflallizable acid. Scheele with that of citrons. to be ftrained whilft hot, and then 

flen and molybdasna, 971 .Berg- 10 Coffee. The infufion evapo- 25 Leontodtn taraxacum. Acid of kept in a cold cellar In a few- 
man's opinion concerning them, rated and treated with fpirit of tartar by treatment with fpirit of weeks cryflals will be formed, from 
972 Why he fuppofed the acids nitre. Acids of fugar and apples, nitre. which the remaining liquor mud be 

to be metallic earths, 973 Its Scheele. 26 Manna. Acid of fugar by poured off, and by farther evapora- 

properties according to M. Lu- 11 Corks. A yellow acid by re- treatment with fpirit of nitre. tion will yield more fait. Savary 

yart, 1498 Of the yellow matter peated abflraclions of fpirit of nitre. 27 Mulberries. Acid of tartar, obtained only two ounces, and a half 
called its acid by Mr Scheele, With fome of the alkalies and earths Herr bfiadt. A cryflallizable acid fait of fait from 25 pounds of the juice. 
I499 No fimplc acid procurable this acid forms cryflallizable falts by evaporating the jaice. Angelas 41 Strawberries. Equal parts of the 
from the mineral, 1501 A new which do not deliquate, though others Sala. acids of apples and citrons. Scheele^ 

femimetal made from it, 1501. do. That with fixed vegetable aika- 28 Oil of olivet, A fait which 42 Sugar. See the article. 

Turbith mineral, how prepared, 705, li forms needle-like cryftals, foluble fublimed and cryftallized, by re- 43 Sumach {Rhus coriaria). (Jry- 
706. in water, vitriolic, nitrous, or ma- peated and copious ab!lra<flions of the dais of tartar. Profeffor Trat.vfdotf 

Turpentine: Appearance of oil of rine acids, but not in vinegar or fpi- nitrous acid. Weffrumb. and Sen 

turpentine with acid of arfenic, rit of wine. Like the faccharine a- 29 Peruvian bark. Acid of apples 44 Tamarinds. Acid of tartar, 
923 Chio turpentine defcrihed cid it has a ftrong affinity to calca- and fugar, by treating the extract tartar itfeif, with a mucilaginous and 
1433 Venice turpentine, 14.34 reous earth, which it feparates from with nitrous acid. Scheele. harinc matter. We/lrumb. 

Strafburgh, 1435 Common, 1436 lime-water, and forms a greyifh fa- 30 Prunus fpinofa et demefiiea. A- 43 Faccinittm mtis idcea. A 
Analyfis of turpentine, 1437 Ef- line powder, foluble in marine acid, cid of apples. Scheele. citrons. Sel 

lentia) oil difficult of folution, but not in water, nor even in its 31 Primus padus. Acid of ci- 46 Wood and bail of tie birch tree. 
1438. own acid. It exhibits fome appear- trons. Scheele. From 5j ounces of rhe wood were 

Vapour formed by the abforption ances with metals, which deferve far- 32 Poppy- Acids of fugar and obtained 17 ounces of rectified acid, 
of latent heat, 120 Dr Black's ther examination. Bmgnatelli. apples, by treating the juice with which when freed from an amber- 

experiments on the convention of 12 Cranberry. {Vaccinium oxy- nitrous acid. Scheele. coloured oil was to the fpecific gra- 

water into vapour, 121 Heat ex- coecos), Acid of citrons. Scheele. 33 Rafpberries. Acids of apples vity of water as 49 to 48, and of 

pelled in great quantity by its con- 13 Currants, red and -white. Acids and citrons. Scheele. Acid of tar- fuch firength that one ounce of it re- 
denfation, 12,5. of citrons and apples. Wrftrumb. tar by faturating the juice with quired 23 of lime-water for its fatu- 

Vegetable colours changed by acids Hermbfiadt fays that they contain a- chalk, and then feparating the earthy ratior. Chemifti f Dijtn, By allow- 

and alkalies, 173 Of vegetable cid of tartar. bafis by means of vitriolic acid, ing the acid diftilled from the bark to 

earths, 515, 1089 Suppofed by 14 Elderberries. Acid of apples. Hermbftadt. remain at red for three months,much 

Dr Lewis to be the fame with Scheele. 34 Rhapontic Acid of tartar by of its oil was feparated ; by fatura- 

magneiia, 1089 Dr Gmehn's 15 Galls. A peculiar kind of a- cryflallizing the juice; of fugar by tion wit! ali a dark-coloured 

experiments, ib. Vegetable ammo- cid. Scheele — Mr Kier obferves, that treating it with nitrous acid. Bind- neutral fait was obtained, which w;>s 
niac, 870 Vegetable ether, 884 from other aftringent matters, efpe- hein. purified by fufion and fubfequent fil- 

Vegetable acids produce a remark- cially thofc ufed in dyeing, it is pro- 25 Bbvbarb. Acids of fugar and tration end evaporation) On fub- 

jecting 
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vitriol, 084 Perfect 
: not be defl 

by Jay, 686 How to ablfraA 

on from it, 687 How 

to prepare blue vitriol, 693 Parts 

th more difficulty 
the green kind, 694 Its 
605 White vitriol, how 
red, 708 Why the diftilla- 
tion of fea-1'alt with copperas does 
n,)t fucceed, 787 Green vitriol 
decompofed by laccharum faturni, 
1 44 Pise* the colouring matter 
ol Pruffian blue, 1174 How af- 
ic.icd by dephlogifticatcd marine 
gas, 1485. 
Vitriol, acid of. See Vitriolic acid. 
Vitriolic aud : why it cannot aft on 
lead, Giver, &c. without a boil- 
ing heat, 107 Cannot be redu- 
ced into an aerial form but by a 
combination with phlogiiion, 202 
On the expulfion of the nitrous 
acid by the vitriolic diluted, 280 
liy the fame in a concentrated 
ftate, 281 With a fmall quan- 
tity of vitriolic acid diluted, 282 
On the cxpulfion of the ma- 
rine a. id by the concentrated vi- 
triolic, 283 Dciompofition of 
vitriolic ammoniac by marii 
never complete, 201 Why the 
vitriolic aci i reftfmes on evapora- 
tion the bafea it ha 1 left, 285 

a ion of vitriolic 
niac by folution of Elver explained, 
306 Of con olive mercury by 
ursolic acid, 315 
diffnlve no other metals than 
in d and tine, ,-,37 Kirwan's ex- 
perinu at -. on the fp xific 1 
of oil of vitriol, 385 Why it 
v to dilute the acid in 
t :■ pi rim< ins, 3 )(, To find 
its fpecific gravity, 397 Quan- 
tity of acid necefl iry to Lturate 
mineral alkali, 430 Why 
d by diffol- 
iron in conccrnrateel vitriolic 
acid, 455 Solution of the calces 
of iron 111 vitriolic acid, 456 It 
acts on iron 1,1 a much naore di- 
ljte date than the nitrous, 461 
; of coppc r diffolved by 
vit: loiic acid, 464 Vitriolic air 
obtained from this folution, 465 
Why ti is metal cannot be 

ritriulic acid, 466 

c a tin, 

4-0 On lead, 4-^ On filver, 

Zinc, 

487 Bii 

ad 493 Cobalt, 496 R 
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e air, 614 Pro- 
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effects on the human body, 6tj 
Diiliculty ol procuring it by itfelf, 
618 Distillation of it from cop- 

s, 620 Rectification of the 
acid tl.us obtained, 622 To pro- 
cure it from iulphur, 623 Quan- 
tity of acid contained in it, ib. 
Quantity produced from it, 6:4 
Methods of obviating the difficul- 
ties in this process, 625 Ought 
to be made in lead vciTcls, 627 
Of its combination with fixed al- 
kali, 628 With calcareous earth, 
35 With argillaceous earth, 
637 With magnefia, 690 With 
metals, 691 With inflammable 
fubftances, 712 Bergman's ex- 
periments to fhow that an excefs 
of this acid impedes the cryflalli- 
zation of alum, 681 Procured 
from the refiduum of vitriolic 
ether, ad, 722 Of its tranfmuta- 
tion into the nitrous acid, 720 
How to extract the nitrous acid 
by its means, 734 Whether the 
marine acid be the fame with it, 
783 Experiment iteming to 
prove the tranfmutation, 784 
Expelled by acid of fugar, 898 

is ol it on fait of amber, 913 
Diflolvcs mangancfe in conjunc- 
tion with the acid of tartar, ioia 
Or with fpirit of wine, 1014 
Expelled by the nitrous and ma- 
rine acids, 1041 Promotes the 
folubility of falts, 1048 Terra 
ponderofa ufually found united 
with the vitriolic acid, 1049 
Unites with this fubflance more 
readily than with alkalies, 1055 
Its prelence readily difcovered by 
terra ponderofa, 1058 The oil 
of vitriol ufually fold contains 
gypfum, 1059 Effects, of it on 
arlenie, 1271 Converts the re- 
gains into white arlenie, 1292 
On regulus of cobalt, 1300. 
Vitriolatld tartar: its decompofition 
by calcareous earth explained, 270 
On its decompofition by nitrous 
acid, 285 t annot be decompo- 
se! by diluted nitrous acid, 2X7 
Decompofed by marine acid, 2oi> 
Requifites for the fuccefs of this 
experiment, 289 Cannot be de- 
compofed in a ilate of folution ly 
this acid, 290 Explanation of its 
decompofition by folution of fil- 

305 Why it is fo much 
heavier than nitre, 416 Of the 

sky of ingredients in it, 419 
prepared, 628, 629 Its 
id. s, 631 Decompofed ami ftil- 
piiur procured from it by calcina- 
tion with charcoal, 716 Its acid 
expelled by that of phofphorus, 
907 And by the arfenical acid, 
929. 

lefs ftrongly attracted 

metallic earths by acids, 303, 
May be ufed to remove the excefs 
of acid in aluminous ley, 680 

s Glauber's fal ammoniac 
with vitriolic acid, 633 Nitrou* 
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ammoniac with the nitroiM, 74c 
C ommo n fal ammoniac with the 
marine, 793 Vegctahk ammo- 
niac with the acetous, 870 A 
fait forming into elegaul cryftazl 
with the acid ot tartar, 89a 
Its combination with fluor 
83 1 Glafl corroded by this fait, 
854 A great quantity of it bra- 
rated by acid of fugar, 900 
Forms microcolmic fait with the 
phofphoric acid, 905 Combined 
with acid of arlenie, 928 In its 
mild ilate decompofes calcareous 
folutions, 1046 Precipitates fili- 
ceous earth completely, 1074 Its 
preparation particularly treated of, 
1030, ttftn. Obtained from various 
fubftanoes,ib. Proper way of dril- 
ling it, 103 1 How purified, 103a 
Volatile fal ammoniac, how prepa- 
red, 1033 Volatile alkali com- 
bined with metals, 1034 With 
cflcntial oils and (pint of wine, 
. 1037 With iulphur, 1038 
Volatile tincture of iulphur, ib. 
Its ufe in the preparation of aurum 
fulminant but lately known, 1106 
I he eaule of its cxplofion, 1121 
Unites with the colouring matter 

of Pruffian blue, 1182 Obtained 
by distillation from Pruffian blue, 

1 '97 Maybe united with phlo- 
gifton and fixed alkali, fo as to fw- 
ftaia a great degree of heat, 120a 
Effects of it on nickel, 1314 On 
folution of platina, 1330 Why 
the volatile iulphureous acid dif- 
felvos manganese, 1379 Volatile 
alkali deflroyed by manganefe at- 
tracting its phlogiilon, 1394. 

Volcanic countries only afford ores 
containing alum ready made, 655. 

Vngucntum cHritntm, how prepared, 
7/2. 

Urine, hoe-, the microcofmic fait is 
procured from it, 905 Always 
contain* a calculous matter, 1457 
Why frefh urine reddens lacmus, 
145" Different falts contained in 
it, rjvo. Affords the acid of ben- 
zoin, 1332. 

Waro'i uroi' : Nitrous ammoniac 
the principal ingredient iw it, 746. 

H>'at.r : Its flowiiefs in melting when 
congealed, a preventative of in- 
undations, 88 Prodigious force 
exerted by it in freezing, 106 
Remains fometimes fluid though 
cooled b :low 32 degrees, J17 
Dr .lack's experiments on the 
lion of water into fleam, 
I2r Its boiling point in vacuo 
determined by Mr f'oyle, 122 And 
by Mr Robinfon of Olafgow, 123 
May i.c made fufficiently hot to 
melt lead, 131 A great quanti- 
ty of water yielded by burning 
fpirit of wine, 134 Produced 
from the deflagration of dephlo- 
gifticafed and inflammable air, 
m the reduction of iron by 
inflammable air, 156 Why it 
Dot unite with nitrous air, 
204 



Index. 

ao4 Cannot diflolve metallic 
falts without an excefs of acid, 297 
Quantity of it in digeftive fait, 
379 In nitre, 391 In vitriolated 
tartar, 398 In fpirit of nitre, 
426 How far it is an objedt of 
chemiftry, 549 Scheme for fil- 
tering large quantities of it, 569 
^Earthy cruft formed on it by fluor 
acid, 833 See Crujl. Neutral fait 
for difcovering iron in mineral 
waters, 11 80 Mercury fuppofed 
convertible into it, 1235 The 
miftake difcovered by Lewis, 1236. 

Waters, mineral, Mr Woulfe's teft for 
them, 1557. 

Watt's experiments on the diftilla- 
tion of water in vacuo, 45 On 
the evaporation of fluids in vacuo, 
126 His teft for acids and alka- 
lies, 1549 ei fa' 

Wedge-wood's improvement of the 
thermometer, 104 His ftone-ware 
an improvement in chemical vef- 
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fels, 597. 

Weight of metals incrcafed by calci- 
nation, 523, etfeq. 

Wcnzel's experiments on fluor acid, 
850 Method of preparing cry- 
ftals of verdigris, 872. 

Wefrumb's analyfis of the refiduum of 
vitriolic ether, 2d 722 His at- 
tempt to reduce vinegar nearer to 
the ftate of tartar, 1003. 

Whey : chemical properties of it, 970 
Convertible into vinegar, 979. 

White : a beautiful white colour from 
lead, 703 White drop of Ward, 
746 White copper, how pre- 
pared, U57- 

Weigleb's experiments on fluor acid, 
839 Account of the diflillation 
of nitrous acid by clay, &c. 737 
His new chemical nomenclature, 
1561. 

WUJbn's experiments on phofphori, 
1086. 

Winch's method of purifying ether, 



2d 722 Wines, how purified, 886. 

Withering 's experiments on terra 
ponderofa, 1050. 

Wolfram. See Tungjlen. 

Wood, prefervatives for, 621, 700. 

Wood-ward's receipt for making Pruf- 
fian blue, 1 164. 

Woulfe's method of procuring nitrous 
ether in large quantity, 776 Teft 
for mineral waters, 1557. 

Yellow colour for houfe-painting, 
699. 

Tori, account of the aluminous ore 
found near that place, 660. 

Zaffre, a calx of cobalt, defcribed, 
1294. 

Zinc and iron, the only metals dif- 
folved by vitriolic acid, 337 Of 
theii precipitation by one another, 
347 Precipitates nickel, 358 
Cannot precipitate cobalt, 361 
Forms white vitriol with the vi- 
triolic acid, 707 Combined with 
the nitrous acid, 767 With the 



marine acid, 820 Volatilized by 
it, ib. With acid of arfenic, 95 X 
Cannot eafily be combined with 
iron, 1 162 Its combination with 
copper, 11.54 The. metal parti- 
cularly treated of, 1240 Defla- 
grates violently in a ftrong heat, 
ib. Sublimes into flowers, 1 241: 
Dr Lewis's method of reducing 
them, 1241 Oil fuppofed t« bo 
obtained from them by Homberg, 
1243 The miftake difcovered by 
Neumann, ib. Another oil by Mr 
Hellot, capable of diffolving gold 
and filver leaf, 1244 Combina- 
tion of zinc with other metals, 
j 245 Its combination with gold 
a proper material for fpecula, 
1246 Its deflagration with other 
metals, 1247 Cannot be united 
with fulphur, 1248 Nitre alka- 
lyfed by its flowers, 1249 Unites 
readily with platina, 1342. 
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